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Background of the Invention 

Field of the Invention 

The present invention is generally related to down-conversion and de- 
spreading of a spread spectrum signal, and applications of the same. The present 
invention is also related to frequency up-conversion and spreading of a baseband 
signal, and applications of the same. 

Related Art 



Various communication components exist for performing frequency down- 
conversion and frequency up-conversion of electromagnetic signals. Also, schemes 
exist for spreading a baseband signal, and for de-spreading a received spread spectrum 
signal. 

Summary of the Invention 

The present invention is related to frequency translation of spread spectrum 
signals. More specifically, the present invention is related to down-converting and de- 
spreading a spread spectrum signal in a unified and integrated manner, and 
applications of the same. Additionally, the present invention is related to up- 
converting and spreading a baseband signal in a unified and integrated manner to 
generate a spread spectrum signal for transmission, and applications of the same. 

During down-conversion, a received spread spectrum signal is sampled 
according to a control signal that carries a corresponding spreading code, resulting 
in a down-converted and de- spread baseband signal. In embodiments, the control 
signal includes a plurality of pulses having apertures (or pulse widths) that are 
established to improve energy transfer to the down-converted baseband signal. In 
embodiments, the frequency (or aliasing rate) of the control signal can be a harmonic 
or sub-harmonic of the received spread spectrum signal. In alternate embodiments, the 
aliasing rate of the control signal is offset from a harmonic or sub-harmonic of the 
received spread spectrum signal. Applications of the invention include IQ receivers, 
rake receivers, and early/late receivers that incorporate the down-conversion and de- 
spreading technique described herein. 

During up-conversion, a baseband signal is sampled according to a control 
signal that carries a corresponding spreading code, resulting in a harmonically rich 
signal. The harmonically rich signal contains harmonic images that repeat at harmonics 
of the sampling frequency. Each harmonic image is a spread spectrum signal and 



contains the necessary amplitude, frequency, and phase information to reconstruct the 
baseband signal. A desired harmonic can be selected for transmission using filtering 
techniques. In embodiments, the control signal includes a plurality of pulses having 
apertures (or pulse widths) that operate to improve transfer energy to a desired 
harmonic image. Applications of the invention include IQ transmitters, and 
configurations that limit unwanted spectral growth in the resulting spread spectrum 
signal. 

An advantage of the present invention is that down-conversion and de- 
spreading of a received spread spectrum signal is performed in a unified and 
integrated manner. Likewise, in the up-conversion embodiment, up-conversion and 
spreading are performed in a unified and integrated manner. This occurs because the 
control signal that controls the sampling process during down-conversion and up- 
conversion carries the spreading code. Additionally, in embodiments, the present 
invention incorporates matched filters concepts during the sampling process to 
improve energy transfer during frequency translation and spreading/de-spreading. 

Further features and advantages of the invention, as well as the structure and 
operation of various embodiments of the invention, are described in detail below with 
reference to the accompanying drawings. The drawing in which an element first 
appears is typically indicated by the leftmost character(s) and/or digit(s) in the 
corresponding reference number. 



Brief Description of the Figures 



The present invention will be described with reference to the accompanying 
drawings, wherein: 

FIG. 1 A is a block diagram of a universal frequency translation (UFT) module 
according to an embodiment of the invention; 

FIG. IB is a more detailed diagram of a universal frequency translation (UFT) 
module according to an embodiment of the invention; 

FIG. 1C illustrates a UFT module used in a universal frequency down- 
conversion (UFD) module according to an embodiment of the invention; 

FIG. ID illustrates a UFT module used in a universal frequency up-conversion 
(UFU) module according to an embodiment of the invention; 

FIG. 2A is a block diagram of a universal frequency translation (UFT) module 
according to embodiments of the invention; 

FIG. 2B is a block diagram of a universal frequency translation (UFT) module 

? 

according to embodiments of the invention; 

FIG. 3 is a block diagram of a universal frequency up-conversion (UFU) 
module according to an embodiment of the invention; 

FIG. 4 is a more detailed diagram of a universal frequency up-conversion 
(UFU) module according to an embodiment of the invention; 

FIG. 5 is a block diagram of a universal frequency up-conversion (UFU) 
module according to an alternative embodiment of the invention; 

FIGS. 6A-6I illustrate example waveforms used to describe the operation of 
the UFU module; 

FIG. 7 illustrates a UFT module used in a receiver according to an 
embodiment of the invention; 

FIG. 8 illustrates a UFT module used in a transmitter according to an 
embodiment of the invention; 



FIG. 9 illustrates an environment comprising a transmitter and a receiver, each 
of which may be implemented using a UFT module of the invention; 

FIG. 10 illustrates a transceiver according to an embodiment of the invention; 

FIG. 1 1 illustrates a transceiver according to an alternative embodiment of the 
invention; 

FIG. 12 illustrates an environment comprising a transmitter and a receiver, 
each of which may be implemented using enhanced signal reception (ESR) 
components of the invention; 

FIG. 13 illustrates a UFT module used in a unified down-conversion and 
filtering (UDF) module according to an embodiment of the invention; 

FIG. 14 illustrates an example receiver implemented using a UDF module 
according to an embodiment of the invention; 

FIGS. 1 5 A-l 5F illustrate example applications of the UDF module according 
to embodiments of the invention; 

FIG. 16 illustrates an environment comprising a transmitter and a receiver, 
each of which may be implemented using enhanced signal reception (ESR) 
components of the invention, wherein the receiver may be further implemented using 
one or more UFD modules of the invention; 

FIG. 17 illustrates a unified down-converting and filtering (UDF) module 
according to an embodiment of the invention; 

FIG. 18 is a table of example values at nodes in the UDF module of FIG. 17; 

FIG. 19 is a detailed diagram of an example UDF module according to an 
embodiment of the invention; 

FIGS. 20 A and 20 A-l are example aliasing modules according to 
embodiments of the invention; 

FIGS. 20B-20F are example waveforms used to describe the operation of the 
aliasing modules of FIGS. 20A and 20A-1; 



FIG. 21 illustrates an enhanced signal reception system according to an 
embodiment of the invention; 

FIGS. 22A-22F are example waveforms used to describe the system of FIG. 

21; 

FIG. 23A illustrates an example transmitter in an enhanced signal reception 
system according to an embodiment of the invention; 

FIGS. 23B and 23C are example waveforms used to further describe the 
enhanced signal reception system according to an embodiment of the invention; 

FIG. 23D illustrates another example transmitter in an enhanced signal 
reception system according to an embodiment of the invention; 

FIGS. 23E and 23F are example waveforms used to further describe the 
enhanced signal reception system according to an embodiment of the invention; 

FIG. 24A illustrates an example receiver in an enhanced signal reception 
system according to an embodiment of the invention; 

FIGS. 24B-24J are example waveforms used to further describe the enhanced 
signal reception system according to an embodiment of the invention; 

FIG. 24K illustrates an example block diagram of a unified down-conversion 
and de-spreading (UDD) module according to embodiments of the present invention; 

FIG. 25 A illustrates a UDD module for down-converting and de-spreading a 
spread spectrum signal in an integrated manner according to embodiments of the 
present invention; 

FIG. 25B illustrates a UDD module using a controlled switch and capacitor 
implementation for the UFT module according to embodiments of the present 
invention; 

FIG. 25C is a flowchart representing an example operation of the UDD 
Module of FIG. 25A; 

FIG. 25D is a flowchart illustrating an example operation of a portion of the 
flowchart illustrated in FIG. 25C; 



FIG. 25E illustrates a UDD module in a FET configuration according to 
embodiments of the invention; 

FIG. 25F illustrates a UDD module in a shunt sampling configuration 
according to embodiments of the present invention; 

FIG. 25G illustrates a UDD module having a FET sampling module in a shunt 
sampling according to embodiments of the present invention; 

FIG.25H-J illustrate various matched filter concepts according to 
embodiments of the invention; 

FIGS. 26A-26E illustrate example signal diagrams associated with UDD 
modules in FIGS. 25A-25G according to embodiments of the present invention; 

FIG. 27 illustrates a UDD module in an IQ configuration according to 
embodiments of the present invention; 

FIG. 28A illustrates an example multipath profile; 

FIG. 28B illustrates example weights given to taps of an example RAKE 
receiver; 

FIG. 28C illustrates example weights given to eight taps of an example RAKE 
receiver; 

FIG. 28D illustrates conventional RAKE receiver using post-correlator, 
coherent combining of different rays; 

FIG. 28E illustrates a conventional approach to a RAKE receiver; 

FIG. 28F illustrates a conventional approach to a RAKE receiver; 

FIG. 28G illustrates the general arrangement of a non-coherent RAKE 
receiver; 

FIG. 28H illustrates an example embodiment of a RAKE receiver; 

FIG. 281 illustrates a RAKE receiver, utilizing multiple UFD modules, for 
efficiently synchronizing the local spreading code to that of a received spread 
spectrum signal according to embodiments of the present invention; 



FIG. 28 J illustrates a correlator having a UFD module according to 
embodiments of the invention; 

FIG. 29 illustrates an IQ configuration of an Early/Late receiver, utilizing 
multiple UFD modules according to embodiments of the present invention; 

FIG. 30 illustrates an IQ configuration of an Early/Late rake receiver with 
multiple UFD modules, where PN code adjustment occurs on both the I & Q channels 
according to embodiments of the present invention; 

FIG. 31A illustrates a unified up-conversion and spreading (UUS) module, 
according to embodiments of the present invention; 

FIG. 3 IB illustrates a spread spectrum harmonically rich signal according to 
embodiments of the present invention; 

FIG. 32 illustrates an example IQ implementation of a UUS module according 
to embodiments of the present invention; 

FIGs. 33 A-B illustrate carrier insertion; 

FIGs.34A-C illustrate a balanced transmitter 3402 according to the present 
invention and associated example signal diagrams; 

FIG. 34D illustrates a FET configuration of the balanced transmitter 3402 
according to embodiments of the present invention; 

FIG.35A-I illustrate various timing diagrams associated with the transmitter 
3402 according to embodiments of the present invention; 

FIG. 35J illustrates a frequency spectrum plot associated with transmitter 
3402 according to embodiments of the invention; 

FIGs. 3 6 A-B illustrate a balanced transmitter 3602 configured for carrier 
insertion according to embodiments of the invention and an example signal diagram; 

FIG. 37 illustrates an I Q balanced transmitter 3720 according to 
embodiments of the present invention; 

FIGs. 38A-C illustrate various signal diagrams associated with the balanced 
transmitter 3720 in FIG. 37; 
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FIG. 39A illustrates an IQ balanced transmitter 3908 according to 
embodiments of the invention; 

FIG. 39B illustrates an IQ balanced transmitter 3918 according to 
embodiments of the invention; 

FIG. 40 illustrates an I Q balanced transmitter 4002 configured for carrier 
insertion according to embodiments of the invention; 

FIG. 41 illustrates an IQ balanced transmitter 4102 configured for carrier 
insertion according to embodiments of the invention; 

FIGs. 42 A-B illustrate various input configuration for the balanced transmitter 
3710 according to embodiments of the present invention; 

FIGs. 43 A-B illustrate sidelobe for the CDMA IS-95 specification; 

FIG. 44 illustrates a conventional CDMA transmitter; 

FIG. 45 A illustrates a CDMA transmitter according to embodiments of the 
present invention; 

FIGs. 45B-E illustrate various signal diagrams associated with the CDMA 
transmitter 4500 according to embodiments of the present invention; 

FIG. 45F illustrates a CDMA transmitter 45 18 according to embodiments of 
the present invention; 

FIG. 46 illustrates a CDMA transmitter on a CMOS chip according to 
embodiments of the present invention; 

FIG. 47 illustrates an example test set 4700; 

FIGs. 48-60Z illustrate various example test results from testing the modulator 
3710 in the test set 4700; 

FIGs. 61 A-B illustrate modulator 6100 and associated signal diagrams 
according to embodiments of the present invention; 

FIGs. 62A-B illustrate modulator 6200 and associated signal diagrams 
according to embodiments of the present invention; 



FIG. 63 A-D illustrates various implementation circuits for the modulator 3710 
according to embodiments of the present invention; 

FIG. 64A illustrate a balanced shunt transmitter 6400 according to 
embodiments of the present invention; 

FIGs. 64B-C illustrate various frequency spectrums that are associated with 
the transmitter 6400 according to embodiments of the present invention; 

FIG. 64D illustrate a FET configuration of the transmitter 6400 according to 
embodiments of the present invention; 

FIG 65 illustrates an IQ transmitter 6500 according to embodiments of the 
present invention; 

FIGs. 66A-C illustrate various frequency spectrums that are associated with 
the IQ transmitter 6500; 

FIG. 67 illustrates an IQ transmitter 6700 according to embodiments of the 
present invention; 

FIG. 68 illustrates an IQ transmitter 6800 according to embodiments of the 
present invention; 

FIG. 69 illustrates a flowchart 6900 according to embodiments of the present 
invention; 

FIG. 70 illustrates a flowchart 7000 according to embodiments of the present 
invention; 

FIGs. 71 A and 7 IB illustrate a flowchart 7100 according to embodiments of 
the present invention; 

FIGs. 72A and 72B illustrate a flowchart 7200 according to embodiments of 
the present invention; 

FIG. 73 A illustrate a pulse generator according to embodiments of the present 
invention; 

FIGs. 73B-C illustrates various signal diagrams that are associated with the 
pulse generator 7302 according to embodiments of the invention; 
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FIGs. 73D-E illustrate pulse generators 7312 and 7316 according to 
embodiments of the present invention; 

FIGs. 74A-B illustrates a flowchart 7400 according to embodiments of the 
invention; 

FIG. 75 illustrates a UDDIQ module 7500 according to embodiments of the 
present invention; 

FIG. 76 illustrates a UDDIQ module 7600 according to embodiments of the 
present invention; 

FIG. 77 illustrates a flowchart 7700 according to embodiments of the present 
invention; 

FIGs. 78A-B illustrates a flowchart 7800 according to embodiments of the 
present invention; 

FIG. 79 illustrates a UUSIQ module 7900 according to embodiments of the 
present invention; 

FIG. 80 illustrates a UUSIQ module 8000 according to embodiments of the 
present invention; 

FIGS. 81A-D illustrate example implementations of a switch module 
according to embodiments of the invention; 

FIGS. 82A-E illustrate example aperture generators; 

FIG. 83 illustrates an energy transfer system with an optional energy transfer 
signal module according to an embodiment of the invention; 

FIG. 84 illustrates an aliasing module with input and output impedance match 
according to an embodiment of the invention; 

FIG. 85 A illustrates an example pulse generator; 

FIGS. 85B and C illustrate example waveforms related to the pulse generator 
of FIG. 71A; 

FIG. 86 illustrates an example energy transfer module with a switch module 
and a reactive storage module according to an embodiment of the invention; 
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FIGS. 87A-B illustrate example energy transfer systems according to 
embodiments of the invention; 

FIG. 88 A illustrates an example energy transfer signal module according to 
an embodiment of the present invention; 

FIG. 88B illustrates a flowchart of state machine operation according to an 
embodiment of the present invention; 

FIG. 88C is an example energy transfer signal module; 

FIG. 89 is a schematic diagram of a circuit to down-convert a 91 5 MHZ signal 
to a 5 MHZ signal using a 101 . 1 MHZ clock according to an embodiment of the 
present invention; 

FIG. 90 shows simulation waveforms for the circuit of FIG. 86 according to 
embodiments of the present invention; 

FIG. 9 1 is a schematic diagram of a circuit to down-convert a 91 5 MHZ signal 
to a 5 MHZ signal using a 1 0 1 MHZ clock according to an embodiment of the present 
invention; 

FIG. 92 shows simulation waveforms for the circuit of FIG. 88 according to 
embodiments of the present invention; 

FIG. 93 is a schematic diagram of a circuit to down-convert a 9 1 5 MHZ signal 
to a 5 MHZ signal using a 101.1 MHZ clock according to an embodiment of the 
present invention; 

FIG. 94 shows simulation waveforms for the circuit of FIG. 90 according to 
an embodiment of the present invention; 

FIG. 95 shows a schematic of the circuit in FIG. 86 connected to an FSK 
source that alternates between 913 and 917 MHZ at a baud rate of 500 Kbaud 
according to an embodiment of the present invention; 

FIG. 96A illustrates an example energy transfer system according to an 
embodiment of the invention; 
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FIGS. 96B-C illustrate example timing diagrams for the example system of 
FIG. 94A; 

FIG. 97 illustrates an example bypass network according to an embodiment 
of the invention; 

FIG. 98 illustrates an example bypass network according to an embodiment 
of the invention; 

FIG. 99 illustrates an example embodiment of the invention; 

FIG. 100A illustrates an example real time aperture control circuit according 
to an embodiment of the invention; 

FIG. 100B illustrates a timing diagram of an example clock signal for real time 
aperture control, according to an embodiment of the invention; 

FIG. 100C illustrates a timing diagram of an example optional enable signal 
for real time aperture control, according to an embodiment of the invention; 

FIG. 1 00D illustrates a timing diagram of an inverted clock signal for real time 
aperture control, according to an embodiment of the invention; 

FIG. 100E illustrates a timing diagram of an example delayed clock signal for 
real time aperture control, according to an embodiment of the invention; 

FIG. 98F illustrates a timing diagram of an example energy transfer including 
pulses having apertures that are controlled in real time, according to an embodiment 
of the invention; 

FIG. 101 illustrates an example embodiment of the invention; 

FIG. 102 illustrates an example embodiment of the invention; 

FIG. 103 illustrates an example embodiment of the invention; 

FIG. 104 illustrates an example embodiment of the invention; 

FIG.105A is a timing diagram for the example embodiment of FIG. 103; 

FIG.105B is a timing diagram for the example embodiment of FIG. 104; 

FIG. 106 A is a timing diagram for the example embodiment of FIG. 105; 

FIG. 106B is a timing diagram for the example embodiment of FIG. 106; 
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FIG. 107 A illustrates and example embodiment of the invention; 

FIG. 1 07B illustrates equations for determining charge transfer, in accordance 
with the present invention; 

FIG. 107C illustrates relationships between capacitor charging and aperture, 
in accordance with the present invention; 

FIG. 107D illustrates relationships between capacitor charging and aperture, 
in accordance with the present invention; 

FIG. 1 07E illustrates power-charge relationship equations, in accordance with 
the present invention; and 

FIG. 107F illustrates insertion loss equations, in accordance with the present 
invention. 
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1. Universal Frequency Translation 

The present invention is related to frequency translation, and applications of 
same. Such applications include, but are not limited to, frequency down-conversion, 
frequency up-conversion, enhanced signal reception, unified down-conversion and 
filtering, and combinations and applications of same. 

FIG. 1A illustrates a universal frequency translation (UFT) module 102 
according to embodiments of the invention. (The UFT module is also sometimes 
called a universal frequency translator, or a universal translator.) 

As indicated by the example of FIG. 1A, some embodiments of the UFT 
module 102 include three ports (nodes), designated in FIG. 1 A as Port 1, Port 2, and 
Port 3 . Other UFT embodiments include other than three ports. 

Generally, the UFT module 102 (perhaps in combination with other 
components) operates to generate an output signal from an input signal, where the 
frequency of the output signal differs from the frequency of the input signal. In other 
words, the UFT module 1 02 (and perhaps other components) operates to generate the 
output signal from the input signal by translating the frequency (and perhaps other 
characteristics) of the input signal to the frequency (and perhaps other characteristics) 
of the output signal. 

An example embodiment of the UFT module 103 is generally illustrated in 
FIG. IB. Generally, the UFT module 103 includes a switch 106 controlled by a 
control signal 108. The switch 106 is said to be a controlled switch. 

As noted above, some UFT embodiments include other than three ports. For 
example, and without limitation, FIG. 2 illustrates an example UFT module 202. The 
example UFT module 202 includes a diode 204 having two ports, designated as Port 
1 and Port 2/3. This embodiment does not include a third port, as indicated by the 
dotted line around the "Port 3" label. FIG. 2B illustrates a second example UFT 
module 208 having a FET 210 whose gate is controlled by the control signal. 
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The UFT module is a very powerful and flexible device. Its flexibility is 
illustrated, in part, by the wide range of applications in which it can be used. Its 
power is illustrated, in part, by the usefulness and performance of such applications. 

For example, a UFT module 115 can be used in a universal frequency down- 
conversion (UFD) module 1 14, an example of which is shown in FIG. 1C. In this 
capacity, the UFT module 115 frequency down-converts an input signal to an output 
signal. 

As another example, as shown in FIG. ID, a UFT module 117 can be used in 
a universal frequency up-conversion (UFU) module 116. In this capacity, the UFT 
module 117 frequency up-converts an input signal to an output signal. 

These and other applications of the UFT module are described below. 
Additional applications of the UFT module will be apparent to persons skilled in the 
relevant art(s) based on the teachings contained herein. In some applications, the 
UFT module is a required component. In other applications, the UFT module is an 
optional component. 

2. Frequency Down-conversion 

The present invention is directed to systems and methods of universal 
frequency down-conversion, and applications of same. 

In particular, the following discussion describes down-converting using a 
Universal Frequency Translation Module. The down-conversion of an EM signal by 
aliasing the EM signal at an aliasing rate is fully described in co-pending U.S. Patent 
Application entitled "Method and System for Down-Converting Electromagnetic 
Signals," Ser. No. 09/176,022, filed October 21, 1998, the full disclosure of which is 
incorporated herein by reference. A relevant portion of the above mentioned patent 
application is summarized below to describe down-converting an input signal to 
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produce a down-converted signal that exists at a lower frequency or a baseband 
signal. 

FIG. 20A illustrates an aliasing module 2000 (one embodiment of a UFD 
module) for down-conversion using a universal frequency translation (UFT) module 
2002, which down-converts an EM input signal 2004. In particular embodiments, 
aliasing module 2000 includes a switch 2008 and a capacitor 2010. The electronic 
alignment of the circuit components is flexible. That is, in one implementation, the 
switch 2008 is in series with input signal 2004 and capacitor 2010 is shunted to 
ground (although it may be other than ground in configurations such as differential 
mode). In a second implementation (see FIG. 20A-1), the capacitor 2010 is in series 
with the input signal 2004 and the switch 2008 is shunted to ground (although it may 
be other than ground in configurations such as differential mode). Aliasing module 
2000 with UFT module 2002 can be easily tailored to down-convert a wide variety 
of electromagnetic signals using aliasing frequencies that are well below the 
frequencies of the EM input signal 2004. 

In one implementation, aliasing module 2000 down-converts the input signal 
2004 to an intermediate frequency (IF) signal. In another implementation, the aliasing 
module 2000 down-converts the input signal 2004 to a demodulated baseband signal. 
In yet another implementation, the input signal 2004 is a frequency modulated (FM) 
signal, and the aliasing module 2000 down-converts it to a non-FM signal, such as a 
phase modulated (PM) signal or an amplitude modulated (AM) signal. Each of the 
above implementations is described below. 

In an embodiment, the control signal 2006 includes a train, of pulses that 
repeat at an aliasing rate that is equal to, or less than, twice the frequency of the input 
signal 2004. In this embodiment, the control signal 2006 is referred to herein as an 
aliasing signal because it is below the Nyquist rate for the frequency of the input signal 
2004. Preferably, the frequency of control signal 2006 is much less than the input 
signal 2004. 
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A train of pulses 201 8 as shown in FIG. 20D controls the switch 2008 to alias 
the input signal 2004 with the control signal 2006 to generate a down-converted 
output signal 2012. More specifically, in an embodiment, switch 2008 closes on a 
first edge of each pulse 2020 of FIG. 20D and opens on a second edge of each pulse. 
When the switch 2008 is closed, the input signal 2004 is coupled to the capacitor 
2010, and charge is transferred from the input signal to the capacitor 2010. The 
charge stored during successive pulses forms down-converted output signal 2012. 

Exemplary waveforms are shown in FIGS. 20B-20F. 

FIG. 20B illustrates an analog amplitude modulated (AM) carrier signal 2014 
that is an example of input signal 2004. For illustrative purposes, in FIG. 20C, an 
analog AM carrier signal portion 2016 illustrates a portion of the analog AM carrier 
signal 2014 on an expanded time scale. The analog AM carrier signal portion 2016 
illustrates the analog AM carrier signal 2014 from time t 0 to time t v 

FIG. 20D illustrates an exemplary aliasing signal 2018 that is an example of 
control signal 2006. Aliasing signal 2018 is on approximately the same time scale as 
the analog AM carrier signal portion 2016. In the example shown in FIG. 20D, the 
aliasing signal 2018 includes a train of pulses 2020 having negligible apertures that 
tend towards zero (the invention is not limited to this embodiment, as discussed 
below). The pulse aperture may also be referred to as the pulse width as will be 
understood by those skilled in the art(s). The pulses 2020 repeat at an aliasing rate, 
or pulse repetition rate of aliasing signal 2018. The aliasing rate is determined as 
described below, and further described in co-pending U. S. Patent Application entitled 
"Method and System for Down-converting Electromagnetic Signals," ApplicationNo. 
09/176,022, Attorney Docket Number 1744.0010000. 

As noted above, the train of pulses 2020 (i.e., control signal 2006) control the 
switch 2008 to alias the analog AM carrier signal 2016 (i.e., input signal 2004) at the 
aliasing rate of the aliasing signal 2018. Specifically, in this embodiment, the switch 
2008 closes on a first edge of each pulse and opens on a second edge of each pulse. 



-22- 



When the switch 2008 is closed, input signal 2004 is coupled to the capacitor 2010, 
and charge is transferred from the input signal 2004 to the capacitor 2010. The 
charge transferred during a pulse is referred to herein as an under-sample. Exemplary 
under-samples 2022 form down-converted signal portion 2024 (FIG. 20E) that 
corresponds to the analog AM carrier signal portion 2016 (FIG. 20C) and the train 
of pulses 2020 (FIG. 20D). The charge stored during successive under-samples of 
AM carrier signal 2014 form the down-converted signal 2024 (FIG. 20E) that is an 
example of down-converted output signal 2012 (FIG. 20 A). In FIG. 20F, a 
demodulated baseband signal 2026 represents the demodulated baseband signal 2024 
after filtering on a compressed time scale. As illustrated, down-converted signal 2026 
has substantially the same "amplitude envelope" as AM carrier signal 2014. 
Therefore, FIGS. 20B-20F illustrate down-conversion of AM carrier signal 2014. 

The waveforms shown in FIGS. 20B-20F are discussed herein for illustrative 
purposes only, and are not limiting. Additional exemplary time domain and frequency 
domain drawings, and exemplary methods and systems of the invention relating 
thereto, are disclosed in co-pending U.S. Patent Application entitled "Method and 
System for Down-converting Electromagnetic Signals," Application No.09/1 76,022, 
Attorney Docket Number 1744.0010000. 

The aliasing rate of control signal 2006 determines whether the input signal 
2004 is down-converted to an IF signal, down-converted to a demodulated baseband 
signal, or down-converted from an FM signal to a PM or an AM signal. Generally, 
relationships between the input signal 2004, the aliasing rate of the control signal 
2006, and the down-converted output signal 2012 are illustrated below: 

(Freq. of input signal 2004) = w«(Freq. of control signal 2006) ± 
(Freq. of down-converted output signal 2012) 
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For the examples contained herein, only the "+" condition will be discussed. The 
value of n represents a harmonic or sub-harmonic of input signal 2004 (e.g., n = 0.5, 
1,2, 3,...). 

When the aliasing rate of control signal 2006 is off-set from the frequency of 
input signal 2004, or off-set from a harmonic or sub-harmonic thereof, input signal 
2004 is down-converted to an IF signal. This is because the under-sampling pulses 
occur at different phases of subsequent cycles of input signal 2004. As a result, the 
under-samples form a lower frequency oscillating pattern. If the input signal 2004 
includes lower frequency changes, such as amplitude, frequency, phase, etc., or any 
combination thereof, the charge stored during associated under-samples reflects the 
lower frequency changes, resulting in similar changes on the down-converted IF 
signal. For example, to down-convert a 901 MHZ input signal to a 1 MHZ IF signal, 
the frequency of the control signal 2006 would be calculated as follows: 

(Freehs - Fveq^/n = Freq 

control 

(901 MHZ - 1 MHZ)/w = 900/w 

For n = 0.5, 1, 2, 3, 4, etc., the frequency of the control signal 2006 would be 
substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc. 

Exemplary time domain and frequency domain drawings, illustrating down- 
conversion of analog and digital AM, PM and FM signals to IF signals, and exemplary 
methods and systems thereof, are disclosed in co-pending U.S. Patent Application 
entitled "Method and System for Down-converting Electromagnetic Signals," 
Application No. 09/176,022, Attorney Docket Number 1744.0010000. 

Alternatively, when the aliasing rate of the control signal 2006 is substantially 
equal to the frequency of the input signal 2004, or substantially equal to a harmonic 
or sub-harmonic thereof, input signal 2004 is directly down-converted to a 
demodulated baseband signal. This is because, without modulation, the under- 
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sampling pulses occur at the same point of subsequent cycles of the input signal 2004. 
As a result, the under-samples form a constant output baseband signal. If the input 
signal 2004 includes lower frequency changes, such as amplitude, frequency, phase, 
etc., or any combination thereof, the charge stored during associated under-samples 
reflects the lower frequency changes, resulting in similar changes on the demodulated 
baseband signal. For example, to directly down-convert a 900 MHZ input signal to 
a demodulated baseband signal (i.e., zero IF), the frequency of the control signal 2006 
would be calculated as follows: 

(Freq^ - Freq^/w = Freq 

control 

(900 MHZ - 0 MHZ)/« = 900 MHZ/n 

For n = 0.5, 1, 2, 3, 4, etc., the frequency of the control signal 2006 should be 
substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc. 

Exemplary time domain and frequency domain drawings, illustrating direct . 
down-conversion of analog and digital AM and PM signals to demodulated baseband 
signals, and exemplary methods and systems thereof, are disclosed in the co-pending 
U.S. Patent Application entitled "Method and System for Down-converting 
Electromagnetic Signals," Application No. .09/176,022, Attorney Docket Number 
1744.0010000. 

Alternatively, to down-convert an input FM signal to a non-FM signal, a 
frequency within the FM bandwidth must be down-converted to baseband (i.e., zero 
IF). As an example, to down-convert a frequency shift keying (FSK) signal (a sub-set 
of FM) to a phase shift keying (PSK) signal (a subset of PM), the mid-point between 
a lower frequency F x and an upper frequency F 2 (that is, [(F { + F 2 ) + 2]) of the FSK 
signal is down-converted to zero IF. For example, to down-convert an FSK signal 
having F x equal to 899 MHZ and F 2 equal to 901 MHZ, to a PSK signal, the aliasing 
rate of the control signal 2006 would be calculated as follows: 
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Frequency of the input = (F, + F^ +■ 2 

= (899 MHZ + 901 MHZ) - 2 
= 900 MHZ 

Frequency of the down-converted signal = 0 (i.e., baseband) 
(Freq^p,,, - Freq^)//? = Freq 

control 

(900 MHZ - 0 MHZ)//* = 900 MHZ//? 

For n = 0.5, 1, 2, 3, etc., the frequency of the control signal 2006 should be 
substantially equal to 1 .8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc. The 
frequency of the down-converted PSK signal is substantially equal to one half the 
difference between the lower frequency F x and the upper frequency F 2 . 

As another example, to down-convert a FSK signal to an amplitude shift 
keying (ASK) signal (a subset of AM), either the lower frequency F x or the upper 
frequency F 2 of the FSK signal is down-converted to zero IF. For example, to down- 
convert an FSK signal having Fj equal to 900 MHZ and F 2 equal to 901 MHZ, to an 
ASK signal, the aliasing rate of the control signal 2006 should be substantially equal 
to: 

(900 MHZ - 0 MHZ)/n = 900 MHZ//2, or 
(901 MHZ - 0 MHZ)/n = 901 MHZ/w. 

For the former case of 900 MHZ/w, and for n = 0.5, 1, 2, 3, 4, etc., the frequency of 
the control signal 2006 should be substantially equal to 1.8 GHz, 900 MHZ, 450 
MHZ, 300 MHZ, 225 MHZ, etc. For the latter case of 901 MHZ//*, and for n = 0.5, 
1, 2, 3, 4, etc., the frequency of the control signal 2006 should be substantially equal 
to 1.802 GHz, 901 MHZ, 450.5 MHZ, 300.333 MHZ, 225.25 MHZ, etc. The 
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frequency of the down-converted AM signal is substantially equal to the difference 
between the lower frequency ¥ x and the upper frequency F 2 (i.e., 1 MHZ). 

Exemplary time domain and frequency domain drawings, illustrating down- 
conversion of FM signals to non-FM signals, and exemplary methods and systems 
thereof, are disclosed in the co-pending U. S. Patent Application entitled "Method and 
System for Down-converting Electromagnetic Signals," Application No. 09/176,022, 
Attorney Docket Number 1744.0010000. 

In an embodiment, the pulses of the control signal 2006 have negligible 
apertures that tend towards zero. This makes the UFT module 2002 a high input 
impedance device. This configuration is useful for situations where minimal 
disturbance of the input signal may be desired. 

In another embodiment, the pulses of the control signal 2006 have non- 
negligible apertures that tend away from zero. This makes the UFT module 2002 a 
lower input impedance device. This allows the lower input impedance of the UFT 
module 2002 to be substantially matched with a source impedance of the input signal 
2004. This also improves the energy transfer from the input signal 2004 to the down- 
converted output signal 2012, and hence the efficiency and signal to noise (s/n) ratio 
of UFT module 2002. 

Exemplary systems and methods for generating and optimizing the control 
signal 2006 and for otherwise improving energy transfer and s/n ratio, are disclosed 
in the co-pending U.S. Patent Application entitled "Method and System for Down- 
converting Electromagnetic Signals," Application No. 09/176,022, Attorney Docket 
Number 1744.0010000. 

When the pulses of the control signal 2006 have non-negligible apertures, the 
aliasing module 2000 is referred to interchangeably herein as an energy transfer 
module or a gated transfer module, and the control signal2006 is referred to as an 
energy transfer signal. Exemplary systems and methods for generating and optimizing 
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the control signal 2006 and for otherwise improving energy transfer and/or signal to 
noise ratio in an energy transfer module are described below. 

2.1 Optional Energy Transfer Signal Module 

FIG. 83 illustrates an energy transfer system 8301 that includes an optional 
energy transfer signal module 8302, which can perform any of a variety of functions 
or combinations of functions including, but not limited to, generating the energy 
transfer signal 8305. 

In an embodiment, the optional energy transfer signal module 8302 includes 
an aperture generator, an example of which is illustrated in FIG. 82J as an aperture 
generator 8220. The aperture generator 8220 generates non-negligible aperture 
pulses 8226 from an input signal 8224. The input signal 8224 can be any type of 
periodic signal, including, but not limited to, a sinusoid, a square wave, a saw-tooth 
wave, etc. Systems for generating the input signal 8224 are described below. 

The width or aperture of the pulses 8226 is determined by delay through the 
branch 8222 of the aperture generator 8220. Generally, as the desired pulse width 
increases, the difficulty in meeting the requirements of the aperture generator 8220 
decrease. In other words, to generate non-negligible aperture pulses for a given EM 
input frequency, the components utilized in the example aperture generator 6820 do 
not require as fast reaction times as those that are required in an under-sampling 
system operating with the same EM input frequency. 

The example logic and implementation shown in the aperture generator 8220 
are provided for illustrative purposes only, and are not limiting. The actual logic 
employed can take many forms. The example aperture generator 8220 includes an 
optional inverter 8228, which is shown for polarity consistency with other examples 
provided herein. 
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An example implementation of the aperture generator 8220 is illustrated in 
FIG. 82K. Additional examples of aperture generation logic are provided in FIGS. 
82H and 821. FIG. 82H illustrates a rising edge pulse generator 8240, which 
generates pulses 8226 on rising edges of the input signal 8224. FIG. 821 illustrates 
a falling edge pulse generator 8250, which generates pulses 8226 on falling edges of 
the input signal 8224. 

In an embodiment, the input signal 8224 is generated externally of the energy 
transfer signal module 8302, as illustrated in FIG. 83. Alternatively, the input signal 
8224 is generated internally by the energy transfer signal module 8302. The input 
signal 8224 can be generated by an oscillator, as illustrated in FIG. 82L by an 
oscillator 6830. The oscillator 8230 can be internal to the energy transfer signal 
module 8302 or external to the energy transfer signal module 8302. The oscillator 
8230 can be external to the energy transfer system 8301 . The output of the oscillator 
8230 may be any periodic waveform. 

The type of down-conversion performed by the energy transfer system 8301 
depends upon the aliasing rate of the energy transfer signal 8305, which is determined 
by the frequency of the pulses 8226. The frequency of the pulses 8226 is determined 
by the frequency of the input signal 8224. For example, when the frequency of the 
input signal 8224 is substantially equal to a harmonic or a sub-harmonic of the EM 
signal 8103, the EM signal 8103 is directly down-converted to baseband (e.g. when 
the EM signal is an AM signal or a PM signal), or converted from FM to a non-FM 
signal. When the frequency of the input signal 8224 is substantially equal to a 
harmonic or a sub-harmonic of a difference frequency, the EM signal 8103 is down- 
converted to an intermediate signal. 

The optional energy transfer signal module 8302 can be implemented in 
hardware, software, firmware, or any combination thereof. 

2.2 Smoothing the Down-Converted Signal 
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Referring back to FIG. 20 A, the down-converted output signal 2012 may be 
smoothed by filtering as desired. 

2.3 Impedance Matching 

The energy transfer module 2000 has input and output impedances generally 
defined by (1) the duty cycle of the switch module (i.e., UFT 2002), and (2) the 
impedance of the storage module (e.g., capacitor 2010), at the frequencies of interest 
(e.g. at the EM input, and intermediateftaseband frequencies). 

Starting with an aperture width of approximately V% the period of the EM 
signal being down-converted as a preferred embodiment, this aperture width (e.g. the 
"closed time") can be decreased. As the aperture width is decreased, the 
characteristic impedance at the input and the output of the energy transfer module 
increases. Alternatively, as the aperture width increases from Vi the period of the EM 
signal being down-converted, the impedance of the energy transfer module decreases. 

One of the steps in determining the characteristic input impedance of the 
energy transfer module could be to measure its value. In an embodiment, the energy 
transfer module's characteristic input impedance is 300 ohms. An impedance 
matching circuit can be utilized to efficiently couple an input EM signal that has a 
source impedance of, for example, 50 ohms, with the energy transfer module's 
impedance of, for example, 300 ohms. Matching these impedances can be 
accomplished in various manners, including providing the necessary impedance 
directly or the use of an impedance match circuit as described below. 

Referring to FIG. 84, a specific embodiment using an RF signal as an input, 
assuming that the impedance 8412 is a relatively low impedance of approximately 50 
Ohms, for example, and the input impedance 8416 is approximately 300 Ohms, an 
initial configuration for the input impedance match module 8406 can include an 
inductor 8606 and a capacitor 8608, configured as shown in FIG. 86. The 
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configuration of the inductor 8606 and the capacitor 8608 is a possible configuration 
when going from a low impedance to a high impedance. Inductor 8606 and the 
capacitor 8608 constitute an L match, the calculation of the values which is well 
known to those skilled in the relevant arts. 

The output characteristic impedance can be impedance matched to take into 
consideration the desired output frequencies. One of the steps in determining the 
characteristic output impedance of the energy transfer module could be to measure 
its value. Balancing the very low impedance of the storage module at the input EM 
frequency, the storage module should have an impedance at the desired output 
frequencies that is preferably greater than or equal to the load that is intended to be 
driven (for example, in an embodiment, storage module impedance at a desired 1MHz 
output frequency is 2K ohm and the desired load to be driven is 50 ohms). An 
additional benefit of impedance matching is that filtering of unwanted signals can also 
be accomplished with the same components. 

In an embodiment, the energy transfer module's characteristic output 
impedance is 2K ohms. An impedance matching circuit can be utilized to efficiently 
couple the down-converted signal with an output impedance of, for example, 2K 
ohms, to a load of, for example, 50 ohms. Matching these impedances can be 
accomplished in various manners, including providing the necessary load impedance 
directly or the use of an impedance match circuit as described below. 

When matching from a high impedance to a low impedance, a capacitor 8614 
and an inductor 86 1 6 can be configured as shown in FIG. 86. The capacitor 86 1 4 and 
the inductor 8616 constitute an L match, the calculation of the component values 
being well known to those skilled in the relevant arts. 

The configuration of the input impedance match module 8406 and the output 
impedance match module 8408 are considered to be initial starting points for 
impedance matching, in accordance with the present invention. In some situations, 
the initial designs may be suitable without further optimization. In other situations, 
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the initial designs can be optimized in accordance with other various design criteria 
and considerations. 

As other optional optimizing structures and/or components are utilized, their 
affect on the characteristic impedance of the energy transfer module should be taken 
into account in the match along with their own original criteria. 

2.4 Tanks and Resonant Structures 

Resonant tank and other resonant structures can be used to further optimize 
the energy transfer characteristics of the invention. For example, resonant structures, 
resonant about the input frequency, can be used to store energy from the input signal 
when the switch is open, a period during which one may conclude that the 
architecture would otherwise be limited in its maximum possible efficiency. Resonant 
tank and other resonant structures can include, but are not limited to, surface acoustic 
wave (SAW) filters, dielectric resonators, diplexers, capacitors, inductors, etc. 

An example embodiment is shown in FIG. 96 A. Two additional embodiments 
are shown in FIG. 91 and FIG. 99. Alternate implementations will be apparent to 
persons skilled in the relevant art(s) based on the teachings contained herein. 
Alternate implementations fall within the scope and spirit of the present invention. 
These implementations take advantage of properties of series and parallel (tank) 
resonant circuits. 

FIG. 96A illustrates parallel tank circuits in a differential implementation. A 
first parallel resonant or tank circuit consists of a capacitor 9638 and an inductor 9620 
(tankl). A second tank circuit consists of a capacitor 9634 and an inductor 9636 
(tank2). 

As is apparent to one skilled in the relevant art(s), parallel tank circuits 
provide: 

low impedance to frequencies below resonance; 



-32- 



low impedance to frequencies above resonance; and 
high impedance to frequencies at and near resonance. 

In the illustrated example of FIG. 96A, the first and second tank circuits 
resonate at approximately 920 Mhz. At and near resonance, the impedance of these 
circuits is relatively high. Therefore, in the circuit configuration shown in FIG 96A, 
both tank circuits appear as relatively high impedance to the input frequency of 950 
Mhz, while simultaneously appearing as relatively low impedance to frequencies in the 
desired output range of 50 Mhz. 

An energy transfer signal 9642 controls a switch 9614. When the energy 
transfer signal 9642 controls the switch 9614 to open and close, high frequency signal 
components are not allowed to pass through tankl or tank2. However, the lower 
signal components (50Mhz in this embodiment) generated by the system are allowed 
to pass through tankl and tank2 with little attenuation. The effect of tankl and tank2 
is to further separate the input and output signals from the same node thereby 
producing a more stable input and output impedance. Capacitors 9618 and 9640 act 
to store the 50 Mhz output signal energy between energy transfer pulses. 

Further energy transfer optimization is provided by placing an inductor 9610 
in series with a storage capacitor 96 1 2 as shown. In the illustrated example, the series 
resonant frequency of this circuit arrangement is approximately 1 GHz. This circuit 
increases the energy transfer characteristic of the system. The ratio of the impedance 
of inductor 9610 and the impedance of the storage capacitor 9612 is preferably kept 
relatively small so that the majority of the energy available will be transferred to 
storage capacitor 9612 during operation. Exemplary output signals A and B are 
illustrated in FIGs. 96B and 96C, respectively. 

In FIG. 96A, circuit components 9604 and 9606 form an input impedance 
match. Circuit components 9632 and 9630 form an output impedance match into a 
50 ohm resistor 9628. Circuit components 9622 and 9624 form a second output 
impedance match into a 50 ohm resistor 9626. Capacitors 9608 and 9612 act as 
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storage capacitors for the embodiment. Voltage source 9646 and resistor 9602 
generate a 950 Mhz signal with a 50 ohm output impedance, which are used as the 
input to the circuit. Circuit element 9616 includes a 150 Mhz oscillator and a pulse 
generator, which are used to generate the energy transfer signal 9642. 

FIG. 91 illustrates a shunt tank circuit 91 10 in a single-ended to-single-ended 
system 9112. Similarly, FIG. 99 illustrates a shunt tank circuit 99 1 0 in a system 9912. 
The tank circuits 9110 and 9910 lower driving source impedance, which improves 
transient response. The tank circuits 9110 and 9910 are able store the energy from 
the input signal and provide a low driving source impedance to transfer that energy 
throughout the aperture of the closed switch. The transient nature of the switch 
aperture can be viewed as having a response that, in addition to including the input 
frequency, has large component frequencies above the input frequency, (i.e. higher 
frequencies than the input frequency are also able to effectively pass through the 
aperture). Resonant circuits or structures, for example resonant tanks 9 1 1 0 or 99 1 0, 
can take advantage of this by being able to transfer energy throughout the switch's 
transient frequency response (i.e. the capacitor in the resonant tank appears as a low 
driving source impedance during the transient period of the aperture). 

The example tank and resonant structures described above are for illustrative 
purposes and are not limiting. Alternate configurations can be utilized. The various 
resonant tanks and structures discussed can be combined or utilized independently as 
is now apparent. 

2.5 Charge and Power Transfer Concepts 

Concepts of charge transfer are now described with reference to FIGS. 1 07 A- 
F. FIG. 107 A illustrates a circuit 10702, including a switch S and a capacitor 10706 
having a capacitance C. The switch S is controlled by a control signal 10708, which 
includes pulses 10710 having apertures T. 
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In FIG. 107B, Equation 10 illustrates that the charge q on a capacitor having 
a capacitance C, such as the capacitor 10706, is proportional to the voltage V across 
the capacitor, where: 

q = Charge in Coulombs 
C = Capacitance in Farads 
V = Voltage in Volts 
A = Input Signal Amplitude 

Where the voltage V is represented by Equation 11, Equation 10 can be 
rewritten as Equation 12. The change in charge Aq over time t is illustrated as in 
Equation 13 as Aq(t), which can be rewritten as Equation 14. Using the sum-to- 
product trigonometric identity of Equation 15, Equation 14 can be rewritten as 
Equation 16, which can be rewritten as equation 17. 

Note that the sin term in Equation 1 1 is a function of the aperture T only. 
Thus, Aq(t) is at a maximum when T is equal to an odd multiple of tt (i.e., 7T, 371, 5k, 
. . . ). Therefore, the capacitor 1 0906 experiences the greatest change in charge when 
the aperture T has a value of 7i or a time interval representative of 180 degrees of the 
input sinusoid. Conversely, when T is equal to 2tt, 4tt, 6ti, . . ., minimal charge is 
transferred. 

Equations 18, 19, and 20 solve for q(t) by integrating Equation 10, allowing 
the charge on the capacitor 1 0706 with respect to time to be graphed on the same axis 
as the input sinusoid sin(t), as illustrated in the graph of FIG. 107C. As the aperture 
T decreases in value or tends toward an impulse, the phase between the charge on the 
capacitor C or q(t) and sin(t) tend toward zero. This is illustrated in the graph of FIG. 
107D, which indicates that the maximum impulse charge transfer occurs near the 
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input voltage maxima. As this graph indicates, considerably less charge is transferred 
as the value of T decreases. 

Power/charge relationships are illustrated in Equations 21-26 of FIG. 107E, 
where it is shown that power is proportional to charge, and transferred charge is 
inversely proportional to insertion loss. 

Concepts of insertion loss are illustrated in FIG. 107F. Generally, the noise 
figure of a lossy passive device is numerically equal to the device insertion loss. 
Alternatively, the noise figure for any device cannot be less that its insertion loss. 
Insertion loss can be expressed by Equation 27 or 28. From the above discussion, it 
is observed that as the aperture T increases, more charge is transferred from the input 
to the capacitor 10706, which increases power transfer from the input to the output. 
It has been observed that it is not necessary to accurately reproduce the input voltage 
at the output because relative modulated amplitude and phase information is retained 
in the transferred power. 

2.6 Optimizing and Adjusting the Non-Negligible Aperture 
Width/Duration 

(i) Varying Input and Output Impedances 

In an embodiment of the invention, the energy transfer signal (i.e., control 
signal 2006 in FIG. 20A), is used to vary the input impedance seen by the EM Signal 
2004 and to vary the output impedance driving a load. An example of this 
embodiment is described below using a gated transfer module 8703 shown in FIG. 
87 A. The method described below is not limited to the gated transfer module 8703 . 

In FIG. 87A, when switch 8706 is closed, the impedance looking into circuit 
8702 is substantially the impedance of a storage module, illustrated here as a storage 
capacitance 8708, in parallel with the impedance of a load 8712. When the switch 
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8706 is open, the impedance at point 8714 approaches infinity. It follows that the 
average impedance at point 8714 can be varied from the impedance of the storage 
module illustrated in parallel with the load 8712, to the highest obtainable impedance 
when switch 8706 is open, by varying the ratio of the time that switch 8706 is open 
to the time switch 8706 is closed. The switch 8706 is controlled by an energy transfer 
signal 8710. Thus the impedance at point 8714 can be varied by controlling the 
aperture width of the energy transfer signal in conjunction with the aliasing rate. 

An example method of altering the energy transfer signal 8710 of FIG. 87 A 
is now described with reference to FIG. 85 A, where a circuit 8502 receives an input 
oscillating signal 8506 and outputs a pulse train shown as doubler output signal 8504. 
The circuit 8502 can be used to generate the energy transfer signal 8710. Example 
waveforms of 8504 are shown on FIG. 85C. 

It can be shown that by varying the delay of the signal propagated by the 
inverter 8508, the width of the pulses in the doubler output signal 8504 can be varied. 
Increasing the delay of the signal propagated by inverter 8508, increases the width of 
the pulses. The signal propagated by inverter 8508 can be delayed by introducing a 
R/C low pass network in the output of inverter 8508. Other means of altering the 
delay of the signal propagated by inverter 8508 will be well known to those skilled in 
the art. 

(ii) Real Time Aperture Control 

In an embodiment, the aperture width/duration is adjusted in real time. For 
example, referring to the timing diagrams in FIGS. 100B-F, a clock signal 10014 
(FIG. 100B) is utilized to generate an energy transfer signal 10016 (FIG. 100F), 
which includes energy transfer pluses 10018, having variable apertures 10020. In an 
embodiment, the clock signal 10014 is inverted as illustrated by inverted clock signal 
10022 (FIG. 100D). The clock signal 10014 is also delayed, as illustrated by delayed 
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clock signal 10024 (FIG. 100E). The inverted clock signal 10014 and the delayed 
clock signal 10024 are then ANDed together, generating an energy transfer signal 
10016, which is active - energy transfer pulses 10018 - when the delayed clock signal 
10024 and the inverted clock signal 10022 are both active. The amount of delay 
imparted to the delayed clock signal 10024 substantially determines the width or 
duration of the apertures 10020. By varying the delay in real time, the apertures are 
adjusted in real time. 

In an alternative implementation, the inverted clock signal 10022 is delayed 
relative to the original clock signal 10014, and then ANDed with the original clock 
signal 10014. Alternatively, the original clock signal 10014 is delayed then inverted, 
and the result ANDed with the original clock signal 10014. 

FIG. 100A illustrates an exemplary real time aperture control system 10002 
that can be utilized to adjust apertures in real time. The example real time aperture 
control system 1 0002 includes an RC circuit 1 0004, which includes a voltage variable 
capacitor 10012 and a resistor 10026. The real time aperture control system 10002 
also includes an inverter 10006 and an AND gate 10008. The AND gate 10008 
optionally includes an enable input 10010 for enabling/disabling the AND gate 1 0008 . 
The RC circuit 10004. The real time aperture control system 10002 optionally 
includes an amplifier 10028. 

Operation of the real time aperture control circuit is described with reference 
to the timing diagrams of FIGS . 1 00B-F . The real time control system 1 0002 receives 
the input clock signal 10014, which is provided to both the inverter 10006 and to the 
RC circuit 10004. The inverter 10006 outputs the inverted clock signal 10022 and 
presents it to the AND gate 10008. The RC circuit 10004 delays the clock signal 
10014 and outputs the delayed clock signal 10024. The delay is determined primarily 
by the capacitance of the voltage variable capacitor 10012. Generally, as the 
capacitance decreases, the delay decreases. 
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The delayed clock signal 10024 is optionally amplified by the optional 
amplifier 10028, before being presented to the AND gate 10008. Amplification is 
desired, for example, where the RC constant of the RC circuit 10004 attenuates the 
signal below the threshold of the AND gate 10008. 

The AND gate 10008 ANDs the delayed clock signal 10024, the inverted 
clock signal 10022, and the optional Enable signal 10010, to generate the energy 
transfer signal 10016. The apertures 10020 are adjusted in real time by varying the 
voltage to the voltage variable capacitor 10012. 

In an embodiment, the apertures 9820 are controlled to optimize power 
transfer. For example, in an embodiment, the apertures 10020 are controlled to 
maximize power transfer. Alternatively, the apertures 10020 are controlled for 
variable gain control (e.g. automatic gain control - AGC). In this embodiment, power 
transfer is reduced by reducing the apertures 10020. 

As can now be readily seen from this disclosure, many of the aperture circuits 
presented, and others, can be modified as in circuits illustrated in FIGS. 82H-K. 
Modification or selection of the aperture can be done at the design level to remain a 
fixed value in the circuit, or in an alternative embodiment, may be dynamically 
adjusted to compensate for, or address, various design goals such as receiving RF 
signals with enhanced efficiency that are in distinctively different bands of operation, 
e.g. RF signals at 900 MHz and 1.8 GHz. 

2.7 Adding a Bypass Network 

In an embodiment of the invention, a bypass network is added to improve the 
efficiency of the energy transfer module. Such a bypass network can be viewed as a 
means of synthetic aperture widening. Components for a bypass network are selected 
so that the bypass network appears substantially lower impedance to transients of the 
switch module (i.e., frequencies greater than the received EM signal) and appears as 
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a moderate to high impedance to the input EM signal (e.g., greater that 100 Ohms at 
the RF frequency). 

The time that the input signal is now connected to the opposite side of the 
switch module is lengthened due to the shaping caused by this network, which in 
simple realizations may be a capacitor or series resonant inductor-capacitor. A 
network that is series resonant above the input frequency would be a typical 
implementation. This shaping improves the conversion efficiency of an input signal 
that would otherwise, if one considered the aperture of the energy transfer signal only, 
be relatively low in frequency to be optimal. 

For example, referring to FIG. 97 a bypass network 9702 shown in this 
instance as capacitor 9712), is shown bypassing switch module 9704. In this 
embodiment the bypass network increases the efficiency of the energy transfer module 
when, for example, less than optimal aperture widths were chosen for a given input 
frequency on the energy transfer signal 9706. The bypass network 9702 could be of 
different configurations than shown in FIG 97. Such an alternate is illustrated in FIG. 
93. Similarly, FIG. 98 illustrates another example bypass network 9802, including a 
capacitor 9804. 

The following discussion will demonstrate the effects of a minimized aperture 
and the benefit provided by a bypassing network. Beginning with an initial circuit 
having a 550ps aperture in FIG. 101, its output is seen to be 2.8mVpp applied to a 50 
ohm load in FIG. 105 A. Changing the aperture to 270ps as shown in FIG. 102 results 
in a diminished output of 2.5Vpp applied to a 50 ohm load as shown in FIG. 105B. 
To compensate for this loss, a bypass network may be added, a specific 
implementation is provided in FIG. 1 03 . The result of this addition is that 3 . 2 Vpp can 
now be applied to the 50 ohm load as shown in FIG. 106 A. The circuit with the 
bypass network in FIG. 103 also had three values adjusted in the surrounding circuit 
to compensate for the impedance changes introduced by the bypass network and 
narrowed aperture. FIG. 104 verifies that those changes added to the circuit, but 
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without the bypass network, did not themselves bring about the increased efficiency 
demonstrated by the embodiment in FIG. 103 with the bypass network. FIG. 106B 
shows the result of using the circuit in FIG. 104 in which only 1.88Vpp was able to 
be applied to a 50 ohm load. 

2.8 Modifying the Energy Transfer Signal Utilizing Feedback 

FIG. 83 shows an embodiment of a system 8301 which uses down-converted 
signal 8307 as feedback 8306 to control various characteristics of the energy transfer 
module 8303 to modify the down-converted signal 8307. 

Generally, the amplitude of the down-converted signal 8307 varies as a 
function of the frequency and phase differences between the EM signal 1304 and the 
energy transfer signal 6306. In an embodiment, the down-converted signal 8307 is 
used as the feedback 8306 to control the frequency and phase relationship between 
the EM signal 8103 and the energy transfer signal 8305. This can be accomplished 
using the example logic in FIG 88 A. The example circuit in FIG. 88 A can be included 
in the energy transfer signal module 6902. Alternate implementations will be apparent 
to persons skilled in the relevant art(s) based on the teachings contained herein. 
Alternate implementations fall within the scope and spirit of the present invention. In 
this embodiment a state-machine is used as an example. 

In the example of FIG. 88 A, a state machine 8804 reads an analog to digital 
converter, A/D 8802, and controls a digital to analog converter, DAC 8806. In an 
embodiment, the state machine 8804 includes 2 memory locations, Previous and 
Current, to store and recall the results of reading A/D 8802. In an embodiment, the 
state machine 8804 utilizes at least one memory flag. 

The DAC 8806 controls an input to a voltage controlled oscillator, VCO 
8808. VCO 8808 controls a frequency input of a pulse generator 8810, which, in an 
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embodiment, is substantially similar to the pulse generator shown in FIG. 82J. The 
pulse generator 8810 generates energy transfer signal 6306. 

In an embodiment, the state machine 8804 operates in accordance with a state 
machine flowchart 8819 in FIG. 88B. The result of this operation is to modify the 
frequency and phase relationship between the energy transfer signal 8305 and the EM 
signal 8103, to substantially maintain the amplitude of the down-converted signal 
8307 at an optimum level. 

The amplitude of the down-converted signal 8307 can be made to vary with 
the amplitude of the energy transfer signal 8305. In an embodiment where the switch 
module 8105 is a FET as shown in FIG 81 A, wherein the gate 8104 receives the 
energy transfer signal 81 1 1, the amplitude of the energy transfer signal 8111 can 
determine the "on" resistance of the FET, which affects the amplitude of the down- 
converted signal 8307. The energy transfer signal module 8302, as shown in FIG. 
88C, can be an analog circuit that enables an automatic gain control function. 
Alternate implementations will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. Alternate implementations fall within the 
scope and spirit of the present invention. 

2.9 Other Implementations 

The implementations described above are provided for purposes of illustration. 
These implementations are not intended to limit the invention. Alternate 
implementations, differing slightly or substantially from those described herein, will 
be apparent to persons skilled in the relevant art(s) based on the teachings contained 
herein. Such alternate implementations fall within the scope and spirit of the present 
invention. 
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Example implementations are described below for illustrative purposes. The 
invention is not limited to these examples. 

FIG. 89 is a schematic diagram of an exemplary circuit to down convert a 91 5 
MHZ signal to a 5 MHZ signal using a 101.1 MHZ clock. 

FIG. 90 shows example simulation waveforms for the circuit of figure 89. 
Waveform 8902 is the input to the circuit showing the distortions caused by the 
switch closure. Waveform 8904 is the unfiltered output at the storage unit. 
Waveform 8906 is the impedance matched output of the downconverter on a different 
time scale. 

FIG. 91 is a schematic diagram of an exemplary circuit to downconvert a 91 5 
MHZ signal to a 5 MHZ signal using a 101 . 1 MHZ clock. The circuit has additional 
tank circuitry to improve conversion efficiency. 

FIG. 92 shows example simulation waveforms for the circuit of figure 91. 
Waveform 9102 is the input to the circuit showing the distortions caused by the 
switch closure. Waveform 9104 is the unfiltered output at the storage unit. 
Waveform 9 1 06 is the output of the downconverter after the impedance match circuit. 

FIG. 93 is a schematic diagram of an exemplary circuit to downconvert a 9 1 5 
MHZ signal to a 5 MHZ signal using a 101.1 MHZ clock. The circuit has switch 
bypass circuitry to improve conversion efficiency. 

FIG. 94 shows example simulation waveforms for the circuit of figure 93. 
Waveform 9302 is the input to the circuit showing the distortions caused by the 
switch closure. Waveform 9304 is the unfiltered output at the storage unit. 
Waveform 93 06 is the output of the downconverter after the impedance match circuit . 

FIG. 95 shows a schematic of the example circuit in FIG. 89 connected to an 
FSK source that alternates between 913 and 917 MHZ, at a baud rate of 500 Kbaud. 
FIG. 93 shows the original FSK waveform 9202 and the downconverted waveform 
9204 at the output of the load impedance match circuit. 
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3. Frequency Up-conversion Using Universal Frequency Translation 

The present invention is directed to systems and methods of frequency up- 
conversion, and applications of same. 

An example frequency up-conversion system 3 00 is illustrated in FIG. 3 . The 
frequency up-conversion system 300 is now described. 

An input signal 302 (designated as "Control Signal" in FIG. 3) is accepted by 
a switch module 304. For purposes of example only, assume that the input signal 302 
is a FM input signal 606, an example of which is shown in FIG. 6C. FM input signal 
606 may have been generated by modulating information signal 602 onto oscillating 
signal 604 (FIGS. 6 A and 6B). It should be understood that the invention is not 
limited to this embodiment. The information signal 602 can be analog, digital, or any 
combination thereof, and any modulation scheme can be used. 

The output of switch module 304 is a harmonically rich signal 306, shown for 
example in FIG. 6D as a harmonically rich signal 608. The harmonically rich signal 
608 has a continuous and periodic waveform. 

FIG. 6E is an expanded view of two sections of harmonically rich signal 608, 
section 610 and section 612. The harmonically rich signal 608 may be a rectangular 
wave, such as a square wave or a pulse (although, the invention is not limited to this 
embodiment). For ease of discussion, the term "rectangular waveform" is used to 
refer to waveforms that are substantially rectangular. In a similar manner, the term 
"square wave" refers to those waveforms that are substantially square and it is not the 
intent of the present invention that a perfect square wave be generated or needed. 

Harmonically rich signal 608 is comprised of a plurality of sinusoidal waves 
whose frequencies are integer multiples of the fundamental frequency of the waveform 
of the harmonically rich signal 608. These sinusoidal waves are referred to as the 
harmonics of the underlying waveform, and the fundamental frequency is referred to 
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as the first harmonic. FIG. 6F and FIG. 6G show separately the sinusoidal 
components making up the first, third, and fifth harmonics of section 610 and section 
612. (Note that in theory there may be an infinite number of harmonics; in this 
example, because harmonically rich signal 608 is shown as a square wave, there are 
only odd harmonics). Three harmonics are shown simultaneously (but not summed) 
in FIG. 6H. 

The relative amplitudes of the harmonics are generally a function of the 
relative widths of the pulses of harmonically rich signal 306 and the period of the 
fundamental frequency, and can be determined by doing a Fourier analysis of 
harmonically rich signal 306. According to an embodiment of the invention, the input 
signal 606 may be shaped to ensure that the amplitude of the desired harmonic is 
sufficient for its intended use (e.g., transmission). 

A filter 308 filters out any undesired frequencies (harmonics), and outputs an 
electromagnetic (EM) signal at the desired harmonic frequency or frequencies as an 
output signal 3 10, shown for example as a filtered output signal 614 in FIG. 61. 

FIG. 4 illustrates an example universal frequency up-conversion (UFU) 
module 401 . The UFU module 401 includes an example switch module 304, which 
comprises a bias signal 402, a resistor or impedance 404, a universal frequency 
translator (UFT) 450, and a ground 408. The UFT 450 includes a switch 406. The 
input signal 302 (designated as "Control Signal" in FIG. 4) controls the switch 406 
in the UFT 450, and causes it to close and open. Harmonically rich signal 306 is 
generated at a node 405 located between the resistor or impedance 404 and the switch 
406. 

Also in FIG. 4, it can be seen that an example filter 308 is comprised of a 
capacitor 4 1 0 and an inductor 4 1 2 shunted to a ground 414. The filter is designed to 
filter out the undesired harmonics of harmonically rich signal 306. 

The invention is not limited to the UFU embodiment shown in FIG. 4. 
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For example, in an alternate embodiment shown in FIG. 5, an unshaped input 
signal 501 is routed to a pulse shaping module 502. The pulse shaping module 502 
modifies the unshaped input signal 501 to generate a (modified) input signal 302 
(designated as the "Control Signal" in FIG. 5). The input signal 302 is routed to the 
switch module 304, which operates in the manner described above. Also, the filter 
308 of FIG. 5 operates in the manner described above. 

The purpose of the pulse shaping module 502 is to define the pulse width of 
the input signal 302. Recall that the input signal 302 controls the opening and closing 
of the switch 406 in switch module 304. During such operation, the pulse width of 
the input signal 302 establishes the pulse width of the harmonically rich signal 306. 
As stated above, the relative amplitudes of the harmonics of the harmonically rich 
signal 306 are a function of at least the pulse width of the harmonically rich signal 
306. As such, the pulse width of the input signal 302 contributes to setting the 
relative amplitudes of the harmonics of harmonically rich signal 306. 

Further details of up-conversion as described in this section are presented in 
pending U.S. application "Method and System for Frequency Up-Conversion," Ser. 
No. 09/176,154, filed October 21, 1998, incorporated herein by reference in its 
entirety. 

4. Enhanced Signal Reception 

The present invention is directed to systems and methods of enhanced signal 
reception (ESR), and applications of same. 

Referring to FIG. 21, transmitter 2104 accepts a modulating baseband signal 
2102 and generates (transmitted) redundant spectrums 2106a-n, which are sent over 
communications medium 2108. Receiver 2112 recovers a demodulated baseband 
signal 2114 from (received) redundant spectrums 21 lOa-n. Demodulated baseband 
signal 2 1 1 4 is representative of the modulating baseband signal 2 1 02, where the level 
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of similarity between the modulating baseband signal 2114 and the modulating 
baseband signal 2102 is application dependent. 

Modulating baseband signal 2102 is preferably any information signal desired 
for transmission and/or reception. An example modulating baseband signal 2202 is 
illustrated in FIG. 22A, and has an associated modulating baseband spectrum 2204 
and image spectrum 2203 that are illustrated in FIG. 22B . Modulating baseband signal 
2202 is illustrated as an analog signal in FIG. 22a, but could also be a digital signal, 
or combination thereof Modulating baseband signal 2202 could be a voltage (or 
current) characterization of any number of real world occurrences, including for 
example and without limitation, the voltage (or current) representation for a voice 
signal. 

Each transmitted redundant spectrum 2106a-n contains the necessary 
information to substantially reconstruct the modulating baseband signal 2 1 02. In other 
words, each redundant spectrum 2106a-n contains the necessary amplitude, phase, 
and frequency information to reconstruct the modulating baseband signal 2102. 

FIG. 22C illustrates example transmitted redundant spectrums 2206b-d. 
Transmitted redundant spectrums 2206b-d are illustrated to contain three redundant 
spectrums for illustration purposes only. Any number of redundant spectrums could 
be generated and transmitted as will be explained in following discussions. 

Transmitted redundant spectrums 2206b-d are centered at f b with a frequency 
spacing f 2 between adjacent spectrums. Frequencies f x and f 2 are dynamically 
adjustable in real-time as will be shown below. FIG. 22D illustrates an alternate 
embodiment, where redundant spectrums 2208c,d are centered on unmodulated 
oscillating signal 2209 at f x (Hz). Oscillating signal 2209 may be suppressed if desired 
using, for example, phasing techniques or filtering techniques. Transmitted redundant 
spectrums are preferably above baseband frequencies as is represented by break 2205 
in the frequency axis of FIGS. 22C and 22D. 
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Received redundant spectrums 2 1 1 Oa-n are substantially similar to transmitted 
redundant spectrums 2106a-n, except for the changes introduced by the 
communications medium 2108. Such changes can include but are not limited to signal 
attenuation, and signal interference. FIG. 22E illustrates example received redundant 
spectrums 22 1 Ob-d. Received redundant spectrums 22 1 Ob-d are substantially similar 
to transmitted redundant spectrums 2206b-d, except that redundant spectrum 2210c 
includes an undesired jamming signal spectrum 2211 in order to illustrate some 
advantages of the present invention. Jamming signal spectrum 221 1 is a frequency 
spectrum associated with a jamming signal. For purposes of this invention, a "jamming 
signal" refers to any unwanted signal, regardless of origin, that may interfere with the 
proper reception and reconstruction of an intended signal. Furthermore, the jamming 
signal is not limited to tones as depicted by spectrum 221 1, and can have any spectral 
shape, as will be understood by those skilled in the art(s). 

As stated above, demodulated baseband signal 21 14 is extracted from one or 
more of received redundant spectrums 221 Ob-d. FIG. 22F illustrates example 
demodulated baseband signal 2212 that is, in this example, substantially similar to 
modulating baseband signal 2202 (FIG. 22A); where in practice, the degree of 
similarity is application dependent. 

An advantage of the present invention should now be apparent. The recovery 
of modulating baseband signal 2202 can be accomplished by receiver 21 12 in spite of 
the fact that high strength jamming signal(s) (e.g. jamming signal spectrum 2211) 
exist on the communications medium. The intended baseband signal can be recovered 
because multiple redundant spectrums are transmitted, where each redundant 
spectrum carries the necessary information to reconstruct the baseband signal. At the 
destination, the redundant spectrums are isolated from each other so that the baseband 
signal can be recovered even if one or more of the redundant spectrums are corrupted 
by a jamming signal. 
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Transmitter 2104 will now be explored in greater detail. FIG. 23 A illustrates 
transmitter 2301, which is one embodiment of transmitter 2104 that generates 
redundant spectrums configured similar to redundant spectrums 2206b-d. Transmitter 
2301 includes generator 2303, optional spectrum processing module 2304, and 
optional medium interface module 2320. Generator 2303 includes: first oscillator 
2302, second oscillator 2309, first stage modulator 2306, and second stage modulator 
2310. 

Transmitter 2301 operates as follows. First oscillator 2302 and second 
oscillator 2309 generate a first oscillating signal 2305 and second oscillating signal 
23 12, respectively. First stage modulator 2306 modulates first oscillating signal 2305 
with modulating baseband signal 2202, resulting in modulated signal 2308. First stage 
modulator 2306 may implement any type of modulation including but not limited to: 
amplitude modulation, frequency modulation, phase modulation, combinations 
thereof, or any other type of modulation. Second stage modulator 23 10 modulates 
modulated signal 2308 with second oscillating signal 2312, resulting in multiple 
redundant spectrums 2206a-n shown in FIG. 23B. Second stage modulator 2310 is 
preferably a phase modulator, or a frequency modulator, although other types of 
modulation may be implemented including but not limited to amplitude modulation. 
Each redundant spectrum 2206a-n contains the necessary amplitude, phase, and 
frequency information to substantially reconstruct the modulating baseband signal 
2202. 

Redundant spectrums 2206a-n are substantially centered around f b which is 
the characteristic frequency of first oscillating signal 2305. Also, each redundant 
spectrum 2206a-n (except for 2206c) is offset from f x by approximately a multiple of 
f 2 (Hz), where f 2 is the frequency of the second oscillating signal 2312. Thus, each 
redundant spectrum 2206a-n is offset from an adjacent redundant spectrum by f 2 (Hz). 
This allows the spacing between adjacent redundant spectrums to be adjusted (or 
tuned) by changing f 2 that is associated with second oscillator 2309. Adjusting the 



-49- 



spacing between adjacent redundant spectrums allows for dynamic real-time tuning 
of the bandwidth occupied by redundant spectrums 2206a-n. 

In one embodiment, the number of redundant spectrums 2206a-n generated 
by transmitter 2301 is arbitrary and may be unlimited as indicated by the "a-n" 
designation for redundant spectrums 2206a-n, However, a typical communications 
medium will have a physical and/or administrative limitations (i.e. FCC regulations) 
that restrict the number of redundant spectrums that can be practically transmitted 
over the communications medium. Also, there may be other reasons to limit the 
number of redundant spectrums transmitted. Therefore, preferably, the transmitter 
2301 will include an optional spectrum processing module 2304 to process the 
redundant spectrums 2206a-n prior to transmission over communications medium 
2108. 

In one embodiment, spectrum processing module 2304 includes a filter with 
a passband 2207 (FIG. 23 C) to select redundant spectrums 2206b-d for transmission. 
This will substantially limit the frequency bandwidth occupied by the redundant 
spectrums to the passband 2207. In one embodiment, spectrum processing module 
2304 also up converts redundant spectrums and/or amplifies redundant spectrums 
prior to transmission over the communications medium 2108. Finally, medium 
interface module 2320 transmits redundant spectrums over the communications 
medium 2108. In one embodiment, communications medium 2108 is an over-the-air 
link and medium interface module 2320 is an antenna. Other embodiments for 
communications medium 2 1 08 and medium interface module 2320 will be understood 
based on the teachings contained herein. 

FIG. 23D illustrates transmitter 2321, which is one embodiment of transmitter 
2104 that generates redundant spectrums configured similar to redundant spectrums 
2208c-d and unmodulated spectrum 2209. Transmitter 2321 includes generator 23 1 1 , 
spectrum processing module 2304, and (optional) medium interface module 2320. 
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Generator 2311 includes: first oscillator 2302, second oscillator 2309, first stage 
modulator 2306, and second stage modulator 2310. 

As shown in FIG. 23D, many of the components in transmitter 2321 are 
similar to those in transmitter 2301. However, in this embodiment, modulating 
baseband signal 2202 modulates second oscillating signal 2312. Transmitter 2321 
operates as follows. First stage modulator 2306 modulates second oscillating signal 
23 12 with modulating baseband signal 2202, resulting in modulated signal 2322. As 
described earlier, first stage modulator 2306 can effect any type of modulation 
including but not limited to: amplitude modulation frequency modulation, 
combinations thereof, or any other type of modulation. Second stage modulator 23 10 
modulates first oscillating signal 2304 with modulated signal 2322, resulting in 
redundant spectrums 2208a-n, as shown in FIG. 23E. Second stage modulator 23 10 
is preferably a phase or frequency modulator, although other modulators could used 
including but not limited to an amplitude modulator. 

Redundant spectrums 2208a-n are centered on unmodulated spectrum 2209 
(at fj Hz), and adjacent spectrums are separated by f 2 Hz. The number of redundant 
spectrums 2208a-n generated by generator 23 1 1 is arbitrary and unlimited, similar to 
spectrums 2206a-n discussed above. Therefore, optional spectrum processing module 
2304 may also include a filter with passband 2325 to select, for example, spectrums 
2208c,d for transmission over communications medium 2108. In addition, optional 
spectrum processing module 2304 may also include a filter (such as a bandstop filter) 
to attenuate unmodulated spectrum 2209. Alternatively, unmodulated spectrum 2209 
may be attenuated by using phasing techniques during redundant spectrum generation. 
Finally, (optional) medium interface module 2320 transmits redundant spectrums 
2208c,d over communications medium 2108. 

Receiver 21 12 will now be explored in greater detail to illustrate recovery of 
a demodulated baseband signal from received redundant spectrums. FIG. 24A 
illustrates receiver 2430, which is one embodiment of receiver 21 12. Receiver 2430 
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includes optional medium interface module 2402, down-converter 2404, spectrum 
isolation module 2408, and data extraction module 2414. Spectrum isolation module 
2408 includes filters 2410a-c. Data extraction module 2414 includes demodulators 
2416a-c, error check modules 2420a-c, and arbitration module 2424. Receiver 2430 
will be discussed in relation to the signal diagrams in FIGS. 24B-24J. 

In one embodiment, optional medium interface module 2402 receives 
redundant spectrums 2210b-d (FIG. 22E, and FIG. 24B). Each redundant spectrum 
2210b-d includes the necessary amplitude, phase, and frequency information to 
substantially reconstruct the modulating baseband signal used to generated the 
redundant spectrums. However, in the present example, spectrum 22 1 0c also contains 
jamming signal 221 1, which may interfere with the recovery of a baseband signal from 
spectrum 22 1 0c. Down-converter 2404 down-converts received redundant spectrums 
2210b-d to lower intermediate frequencies, resulting in redundant spectrums 2406a-c 
(FIG. 24C). Jamming signal 221 1 is also down-converted to jamming signal 2407, as 
it is contained within redundant spectrum 2406b. Spectrum isolation module 2408 
includes filters 2410a-c that isolate redundant spectrums 2406a-c from each other 
(FIGS. 24D-24F, respectively). Demodulators 2416a-c independently demodulate 
spectrums 2406a-c, resulting in demodulated baseband signals 2418a-c, respectively 
(FIGS. 24G-24I). Error check modules 2420a-c analyze demodulate baseband signal 
2418a-c to detect any errors. In one embodiment, each error check module 2420a-c 
sets an error flag 2422a-c whenever an error is detected in a demodulated baseband 
signal. Arbitration module 2424 accepts the demodulated baseband signals and 
associated error flags, and selects a substantially error-free demodulated baseband 
signal (FIG. 24J). In one embodiment, the substantially error-free demodulated 
baseband signal will be substantially similar to the modulating baseband signal used 
to generate the received redundant spectrums, where the degree of similarity is 
application dependent. 
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Referring to FIGS. 24G-I, arbitration module 2424 will select either 
demodulated baseband signal 24 1 8a or 24 1 8c, because error check module 2420b will 
set the error flag 2422b that is associated with demodulated baseband signal 2418b. 

The error detection schemes implemented by the error detection modules 
include but are not limited to: cyclic redundancy check (CRC) and parity check for 
digital signals, and various error detections schemes for analog signal. 

Further details of enhanced signal reception as described in this section are 
presented in pending U.S. application "Method and System for Ensuring Reception 
of a Communications Signal," Ser. No. 09/176,415, filed October 21, 1998, 
incorporated herein by reference in its entirety. 

5. Unified Down-conversion and Filtering 

The present invention is directed to systems and methods of unified down- 
conversion and filtering (UDF), and applications of same. 

In particular, the present invention includes a unified down-converting and 
filtering (UDF) module that performs frequency selectivity and frequency translation 
in a unified (i.e., integrated) manner. By operating in this manner, the invention 
achieves high frequency selectivity prior to frequency translation (the invention is not 
limited to this embodiment). The invention achieves high frequency selectivity at 
substantially any frequency, including but not limited to RF (radio frequency) and 
greater frequencies. It should be understood that the invention is not limited to this 
example of RF and greater frequencies. The invention is intended, adapted, and 
capable of working with lower than radio frequencies. 

FIG. 17 is a conceptual block diagram of a UDF module 1702 according to 
an embodiment of the present invention. The UDF module 1702 performs at least 
frequency translation and frequency selectivity. 
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The eflFect achieved by the UDF module 1702 is to perform the frequency 
selectivity operation prior to the performance of the frequency translation operation. 
Thus, the UDF module 1702 effectively performs input filtering. 

According to embodiments of the present invention, such input filtering 
involves a relatively narrow bandwidth. For example, such input filtering may 
represent channel select filtering, where the filter bandwidth may be, for example, 50 
KHz to 1 50 KHz. It should be understood, however, that the invention is not limited 
to these frequencies. The invention is intended, adapted, and capable of achieving 
filter bandwidths of less than and greater than these values. 

In embodiments of the invention, input signals 1704 received by the UDF 
module 1702 are at radio frequencies. The UDF module 1702 effectively operates to 
input filter these RF input signals 1704. Specifically, in these embodiments, the UDF 
module 1 702 effectively performs input, channel select filtering of the RF input signal 
1704. Accordingly, the invention achieves high selectivity at high frequencies. 

The UDF module 1702 effectively performs various types of filtering, 
including but not limited to bandpass filtering, low pass filtering, high pass filtering, 
notch filtering, all pass filtering, band stop filtering, etc., and combinations thereof. 

Conceptually, the UDF module 1702 includes a frequency translator 1708. 
The frequency translator 1708 conceptually represents that portion of the UDF 
module 1702 that performs frequency translation (down conversion). 

The UDF module 1702 also conceptually includes an apparent input filter 
1706 (also sometimes called an input filtering emulator). Conceptually, the apparent 
input filter 1 706 represents that portion of the UDF module 1 702 that performs input 
filtering. 

In practice, the input filtering operation performed by the UDF module 1702 
is integrated with the frequency translation operation. The input filtering operation 
can be viewed as being performed concurrently with the frequency translation 
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operation. This is a reason why the input filter 1706 is herein referred to as an 
"apparent" input filter 1706. 

The UDF module 1702 of the present invention includes a number of 
advantages. For example, high selectivity at high frequencies is realizable using the 
UDF module 1 702. This feature of the invention is evident by the high Q factors that 
are attainable. For example, and without limitation, the UDF module 1702 can be 
designed with a filter center frequency f c on the order of 900 MHZ, and a filter 
bandwidth on the order of 50 KHz. This represents a Q of 18,000 (Q is equal to the 
center frequency divided by the bandwidth). 

It should be understood that the invention is not limited to filters with high Q 
factors. The filters contemplated by the present invention may have lesser or greater 
Qs, depending on the application, design, and/or implementation. Also, the scope of 
the invention includes filters where Q factor as discussed herein is not applicable. 

The invention exhibits additional advantages. For example, the filtering center 
frequency f c of the UDF module 1702 can be electrically adjusted, either statically or 
dynamically. 

Also, the UDF module 1702 can be designed to amplify input signals. 

Further, the UDF module 1702 can be implemented without large resistors, 
capacitors, or inductors. Also, the UDF module 1702 does not require that tight 
tolerances be maintained on the values of its individual components, i.e., its resistors, 
capacitors, inductors, etc. As a result, the architecture of the UDF module 1702 is 
friendly to integrated circuit design techniques and processes. 

The features and advantages exhibited by the UDF module 1 702 are achieved 
at least in part by adopting a new technological paradigm with respect to frequency 
selectivity and translation. Specifically, according to the present invention, the UDF 
module 1702 performs the frequency selectivity operation and the frequency 
translation operation as a single, unified (integrated) operation. According to the 
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invention, operations relating to frequency translation also contribute to the 
performance of frequency selectivity, and vice versa. 

According to embodiments of the present invention, the UDF module 
generates an output signal from an input signal using samples/instances of the input 
signal and samples/instances of the output signal. 

More particularly, first, the input signal is under-sampled. This input sample 
includes information (such as amplitude, phase, etc.) representative of the input signal 
existing at the time the sample was taken. 

As described further below, the effect of repetitively performing this step is 
to translate the frequency (that is, down-convert) of the input signal to a desired lower 
frequency, such as an intermediate frequency (IF) or baseband. 

Next, the input sample is held (that is, delayed). 

Then, one or more delayed input samples (some of which may have been 
scaled) are combined with one or more delayed instances of the output signal (some 
of which may have been scaled) to generate a current instance of the output signal. 

Thus, according to a preferred embodiment of the invention, the output signal 
is generated from prior samples/instances of the input signal and/or the output signal. 
(It is noted that, in some embodiments of the invention, current samples/instances of 
the input signal and/or the output signal may be used to generate current instances of 
the output signal.). By operating in this manner, the UDF module preferably 
performs input filtering and frequency down-conversion in a unified manner. 

FIG. 1 9 illustrates an example implementation of the unified down-converting 
and filtering (UDF) module 1922. The UDF module 1922 performs the frequency 
translation operation and the frequency selectivity operation in an integrated, unified 
manner as described above, and as further described below. 

In the example of FIG. 19, the frequency selectivity operation performed by 
the UDF module 1922 comprises a band-pass filtering operation according to EQ. 1, 
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below, which is an example representation of a band-pass filtering transfer function. 

VO - a x z 1 VI - A z 1 VO - z 2 VO EQ. 1 

It should be noted, however, that the invention is not limited to band-pass 
filtering. Instead, the invention effectively performs various types of filtering, 
including but not limited to bandpass filtering, low pass filtering, high pass filtering, 
notch filtering, all pass filtering, band stop filtering, etc., and combinations thereof 
As will be appreciated, there are many representations of any given filter type. The 
invention is applicable to these filter representations. Thus, EQ. 1 is referred to herein 
for illustrative purposes only, and is not limiting. 

TheUDF module 1922 includes a down-convert and delay module 1924, first 
and second delay modules 1928 and 1930, first and second scaling modules 1932 and 
1934, an output sample and hold module 1936, and an (optional) output smoothing 
module 1938. Other embodiments of the UDF module will have these components 
in different configurations, and/or a subset of these components, and/or additional 
components. For example, and without limitation, in the configuration shown in FIG. 
19, the output smoothing module 1938 is optional 

As further described below, in the example of FIG. 19, the down-convert and 
delay module 1924 and the first and second delay modules 1928 and 1930 include 
switches that are controlled by a clock having two phases, $ x and (j> 2 . (J^ and (|> 2 
preferably have the same frequency, and are non-overlapping (alternatively, a plurality 
such as two clock signals having these characteristics could be used). As used herein, 
the term "non-overlapping" is defined as two or more signals where only one of the 
signals is active at any given time. In some embodiments, signals are "active" when 
they are high. In other embodiments, signals are active when they are low. 
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Preferably, each of these switches closes on a rising edge of (j^ or (|> 2 , and 
opens on the next corresponding falling edge of fy x or (J) 2 . However, the invention is 
not limited to this example. As will be apparent to persons skilled in the relevant 
art(s), other clock conventions can be used to control the switches. 

In the example of FIG. 19, it is assumed that a x is equal to one. Thus, the 
output of the down-convert and delay module 1924 is not scaled. As evident from 
the embodiments described above, however, the invention is not limited to this 
example. 

The example UDF module 1922 has a filter center frequency of 900.2 MHZ 
and a filter bandwidth of 570 KHz. The pass band of the UDF module 1 922 is on the 
order of 899.915 MHZ to 900.485 MHZ. The Q factor of the UDF module 1922 is 
approximately 1879 (i.e., 900.2 MHZ divided by 570 KHz). 

The operation of the UDF module 1 922 shall now be described with reference 
to a Table 1802 (FIG. 18) that indicates example values at nodes in the UDF module 
1922 at a number of consecutive time increments. It is assumed in Table 1802 that 
the UDF module 1922 begins operating at time t-1. As indicated below, the UDF 
module 1922 reaches steady state a few time units after operation begins. The 
number of time units necessary for a given UDF module to reach steady state depends 
on the configuration of the UDF module, and will be apparent to persons skilled in the 
relevant art(s) based on the teachings contained herein. 

At the rising edge of <j>! at time t-1, a switch 1950 in the down-convert and 
delay module 1924 closes. This allows a capacitor 1952 to charge to the current 
value of an input signal, VI t . u such that node 1 902 is at VI t _ x . This is indicated by cell 
1804 in FIG. 18. In effect, the combination of the switch 1950 and the capacitor 
1952 in the down-convert and delay module 1924 operates to translate the frequency 
of the input signal VI to a desired lower frequency, such as IF or baseband. Thus, the 
value stored in the capacitor 1952 represents an instance of a down-converted image 
of the input signal VI. 
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The manner in which the down-convert and delay module 1924 performs 
frequency down-conversion is further described elsewhere in this application, and is 
additionally described in pending U.S. application "Method and System for Down- 
Converting Electromagnetic Signals," Ser. No. 09/176,022, filed October 21, 1998, 
which is herein incorporated by reference in its entirety. 

Also at the rising edge of (J^ at time t-1, a switch 1958 in the first delay 
module 1928 closes, allowing a capacitor 1960 to charge to VO^, such that node 
1906 is at VO tl . This is indicated by cell 1806 in Table 1802. (In practice, VO t _ 1 is 
undefined at this point. However, for ease of understanding, VO^ shall continue to 
be used for purposes of explanation.) 

Also at the rising edge of <f> x at time t-1, a switch 1966 in the second delay 
module 1930 closes, allowing a capacitor 1968 to charge to a value stored in a 
capacitor 1964. At this time, however, the value in capacitor 1964 is undefined, so 
the value in capacitor 1968 is undefined. This is indicated by cell 1807 in table 1802. 

At the rising edge of (|> 2 at time t- 1, a switch 1954 in the down-convert and 
delay module 1924 closes, allowing a capacitor 1956 to charge to the level of the 
capacitor 1952. Accordingly, the capacitor 1956 charges to VL t _ u such that node 
1904 is at VI^. This is indicated by cell 1810 in Table 1802. 

The UDF module 1922 may optionally include a unity gain module 1990 A 
between capacitors 1952 and 1956. The unity gain module 1990 A operates as a 
current source to enable capacitor 1956 to charge without draining the charge from 
capacitor 1952. For a similar reason, the UDF module 1922 may include other unity 
gain modules 1990B-1990G. It should be understood that, for many embodiments 
and applications of the invention, these unity gain modules 1990A-1990G are 
optional. The structure and operation of the unity gain modules 1 990 will be apparent 
to persons skilled in the relevant art(s). 

Also at the rising edge of <j> 2 at time t-1, a switch 1962 in the first delay 
module 1928 closes, allowing a capacitor 1964 to charge to the level of the capacitor 
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1960. Accordingly, the capacitor 1964 charges to VO t _ l5 such that node 1908 is at 
VO t _ v This is indicated by cell 1814 in Table 1802. 

Also at the rising edge of (J> 2 at time t-1, a switch 1970 in the second delay 
module 1930 closes, allowing a capacitor 1972 to charge to a value stored in a 
capacitor 1968. At this time, however, the value in capacitor 1968 is undefined, so 
the value in capacitor 1972 is undefined. This is indicated by cell 1815 in table 1802. 

At time t, at the rising edge of <fy x , the switch 1950 in the down-convert and 
delay module 1924 closes. This allows the capacitor 1952 to charge to VI t , such that 
node 1902 is at VI t . This is indicated in cell 1816 of Table 1802. 

Also at the rising edge of (j^ at time t, the switch 1958 in the first delay 
module 1928 closes, thereby allowing the capacitor 1960 to charge to VO t . 
Accordingly, node 1906 is at VO t . This is indicated in cell 1820 in Table 1802. 

Further at the rising edge of <J> t at time t, the switch 1966 in the second delay 
module 1930 closes, allowing a capacitor 1968 to charge to the level of the capacitor 
1964. Therefore, the capacitor 1968 charges to VO t _ l5 such that node 1910 is at 
VOj.!. Thi s is indicated by cell 1824 in Table 1802. 

At the rising edge of (j> 2 at time t, the switch 1954 in the down-convert and 
delay module 1924 closes, allowing the capacitor 1956 to charge to the level of the 
capacitor 1952. Accordingly, the capacitor 1956 charges to VI t , such that node 1904 
is at VI t . This is indicated by cell 1828 in Table 1802. 

Also at the rising edge of <j> 2 at time t, the switch 1962 in the first delay 
module 1928 closes, allowing the capacitor 1964 to charge to the level in the 
capacitor 1960. Therefore, the capacitor 1964 charges to VO t , such that node 1908 
is at VO t . This is indicated by cell 1832 in Table 1802. 

Further at the rising edge of (J) 2 at time t, the switch 1970 in the second delay 
module 1930 closes, allowing the capacitor 1972 in the second delay module 1930 to 
charge to the level of the capacitor 1 968 in the second delay module 1 930. Therefore, 
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the capacitor 1972 charges to VO t _ 1? such that node 1912 is at VO^. This is 
indicated in cell 1836 of FIG. 18. 

At time t+ 1 , at the rising edge of <$> u the switch 1 950 in the down-convert and 
delay module 1924 closes, allowing the capacitor 1952 to charge to VI t+1 . Therefore, 
node 1902 is at VI t+1 , as indicated by cell 1838 of Table 1802. 

Also at the rising edge of 4> 1 at time t+1, the switch 1958 in the first delay 
module 1928 closes, allowing the capacitor 1960 to charge to VO t+1 . Accordingly, 
node 1906 is at VO t+1 , as indicated by cell 1842 in Table 1802. 

Further at the rising edge of § x at time t+1, the switch 1966 in the second 
delay module 1930 closes, allowing the capacitor 1968 to charge to the level of the 
capacitor 1964. Accordingly, the capacitor 1968 charges to VO t , as indicated by cell 
1846 of Table 1802. 

In the example of FIG. 19, the first scaling module 1932 scales the value at 
node 1908 (i.e., the output of the first delay module 1928) by a scaling factor of -0. 1 . 
Accordingly, the value present at node 1914 at time t+1 is -0. 1 * VO t . Similarly, the 
second scaling module 1934 scales the value present at node 1912 (i.e., the output of 
the second scaling module 1930) by a scaling factor of -0.8. Accordingly, the value 
present at node 1916 is -0.8 * VO t _! at time t+1. 

At time t+1, the values at the inputs of the summer 1926 are: VI t at node 
1904, -0.1 * VO t at node 1914, and -0.8 * VO^ at node 1916 (in the example of 
FIG. 19, the values at nodes 1914 and 1916 are summed by a second summer 1925, 
and this sum is presented to the summer 1 926). Accordingly, at time t+1 , the summer 
generates a signal equal to VI t - 0.1 * VO t - 0.8 * VO^. 

At the rising edge of (J^ at time t+1, a switch 1991 in the output sample and 
hold module 1936 closes, thereby allowing a capacitor 1992 to charge to VO t+1 . 
Accordingly, the capacitor 1992 charges to VO t+1 , which is equal to the sum 
generated by the adder 1926. As just noted, this value is equal to: VI t - 0. 1 * VO t 
- 0.8 * VOt.!. Thi s is indicated in cell 1850 of Table 1802. This value is presented 
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to the optional output smoothing module 1938, which smooths the signal to thereby 
generate the instance of the output signal VO t+1 . It is apparent from inspection that 
this value of VO t+1 is consistent with the band pass filter transfer function of EQ. 1. 

Further details of unified down-conversion and filtering as described in this 
section are presented in pending U.S. application "Integrated Frequency Translation 
And Selectivity," Ser. No. 09/175,966, filed October 21, 1998, incorporated herein 
by reference in its entirety. 

6. 0 Example Application Embodiments of the Invention 

As noted above, the UFT module of the present invention is a very powerful 
and flexible device. Its flexibility is illustrated, in part, by the wide range of 
applications in which it can be used. Its power is illustrated, in part, by the usefulness 
and performance of such applications. 

Example applications of the UFT module were described above. In particular, 
frequency down-conversion, frequency up-conversion, enhanced signal reception, and 
unified down-conversion and filtering applications of the UFT module were 
summarized above, and are further described below. These applications of the UFT 
module are discussed herein for illustrative purposes. The invention is not limited to 
these example applications. Additional applications of the UFT module will be 
apparent to persons skilled in the relevant art(s), based on the teachings contained 
herein. 

For example, the present invention can be used in applications that involve 
frequency down-conversion. This is shown in FIG. 1C, for example, where an 
example UFT module 1 1 5 is used in a down-conversion module 114. In this capacity, 
the UFT module 115 frequency down-converts an input signal to an output signal. 
This is also shown in FIG. 7, for example, where an example UFT module 706 is part 
of a down-conversion module 704, which is part of a receiver 702. 
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The present invention can be used in applications that involve frequency up- 
conversion. This is shown in FIG. ID, for example, where an example UFT module 
117 is used in a frequency up-conversion module 116. In this capacity, the UFT 
module 117 frequency up-converts an input signal to an output signal. This is also 
shown in FIG. 8, for example, where an example UFT module 806 is part of up- 
conversion module 804, which is part of a transmitter 802. 

The present invention can be used in environments having one or more 
transmitters 902 and one or more receivers 906, as illustrated in FIG. 9. In such 
environments, one or more of the transmitters 902 may be implemented using a UFT 
module, as shown for example in FIG. 8. Also, one or more of the receivers 906 may 
be implemented using a UFT module, as shown for example in FIG. 7. 

The invention can be used to implement a transceiver. An example transceiver 
1002 is illustrated in FIG. 10. The transceiver 1002 includes a transmitter 1004 and 
a receiver 1008. Either the transmitter 1004 or the receiver 1 008 can be implemented 
using a UFT module. Alternatively, the transmitter 1004 can be implemented using 
a UFT module 1006, and the receiver 1008 can be implemented using a UFT module 
1010. This embodiment is shown in FIG. 10. 

Another transceiver embodiment according to the invention is shown in FIG. 
11. In this transceiver 1102, the transmitter 1104 and the receiver 1108 are 
implemented using a single UFT module 1 106. In other words, the transmitter 1 104 
and the receiver 1 108 share a UFT module 1 106. 

As described elsewhere in this application, the invention is directed to methods 
and systems for enhanced signal reception (ESR). Various ESR embodiments include 
an ESR module (transmit) in a transmitter 1202, and an ESR module (receive) in a 
receiver 1210. An example ESR embodiment configured in this manner is illustrated 
in FIG. 12. 
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The ESR module (transmit) 1204 includes a frequency up-conversion module 
1206. Some embodiments of this frequency up-conversion module 1206 may be 
implemented using a UFT module, such as that shown in FIG. ID. 

The ESR module (receive) 1212 includes a frequency down-conversion 
module 1214. Some embodiments of this frequency down-conversion module 1214 
may be implemented using a UFT module, such as that shown in FIG. 1C. 

As described elsewhere in this application, the invention is directed to methods 
and systems for unified down-conversion and filtering (UDF). An example unified 
down-conversion and filtering module 1302 is illustrated in FIG. 13. The unified 
down-conversion and filtering module 1302 includes a frequency down-conversion 
module 1304 and a filtering module 1306. According to the invention, the frequency 
down-conversion module 1304 and the filtering module 1306 are implemented using 
a UFT module 1308, as indicated in FIG. 13. 

Unified down-conversion and filtering according to the invention is useful in 
applications involving filtering and/or frequency down-conversion. This is depicted, 
for example, in FIGS. 15A-15F. FIGS. 15A-15C indicate that unified down- 
conversion and filtering according to the invention is useful in applications where 
filtering precedes, follows, or both precedes and follows frequency down-conversion. ' 
FIG. 15D indicates that a unified down-conversion and filtering module 1524 
according to the invention can be utilized as a filter 1522 (i.e., where the extent of 
frequency down-conversion by the down-converter in the unified down-conversion 
and filtering module 1524 is minimized). FIG. 15E indicates that a unified down- 
conversion and filtering module 1528 according to the invention can be utilized as a 
down-converter 1526 (i.e., where the filter in the unified down-conversion and 
filtering module 1528 passes substantially all frequencies). FIG. 15F illustrates that 
the unified down-conversion and filtering module 1532 can be used as an amplifier. 
It is noted that one or more UDF modules can be used in applications that involve at 
least one or more of filtering, frequency translation, and amplification. 
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For example, receivers, which typically perform filtering, down-conversion, 
and filtering operations, can be implemented using one or more unified down- 
conversion and filtering modules. This is illustrated, for example, in FIG. 14. 

The methods and systems of unified down-conversion and filtering of the 
invention have many other applications. For example, as discussed herein, the 
enhanced signal reception (ESR) module (receive) operates to down-convert a signal 
containing a plurality of spectrums. The ESR module (receive) also operates to 
isolate the spectrums in the down-converted signal, where such isolation is 
implemented via filtering in some embodiments. According to embodiments of the 
invention, the ESR module (receive) is implemented using one or more unified down- 
conversion and filtering (UDF) modules. This is illustrated, for example, in FIG. 16. 
In the example of FIG. 16, one or more of the UDF modules 1610, 1612, 1614 
operates to down-convert a received signal. The UDF modules 1610, 1612, 1614 
also operate to filter the down-converted signal so as to isolate the spectrum(s) 
contained therein. As noted above, the UDF modules 1610, 1612, 1614 are 
implemented using the universal frequency translation (UFT) modules of the 
invention. 

The invention is not limited to the applications of the UFT module described 
above. For example, and without limitation, subsets of the applications (methods 
and/or structures) described herein (and others that would be apparent to persons 
skilled in the relevant art(s) based on the herein teachings) can be associated to form 
useful combinations. 

For example, transmitters and receivers are two applications of the UFT 
module. FIG. 10 illustrates a transceiver 1002 that is formed by combining these two 
applications of the UFT module, i.e., by combining a transmitter 1004 with a receiver 
1008. 

Also, ESR (enhanced signal reception) and unified down-conversion and 
filtering are two other applications of the UFT module. FIG. 1 6 illustrates an example 
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where ESR and unified down-conversion and filtering are combined to form a 
modified enhanced signal reception system. 

The invention is not limited to the example applications of the UFT module 
discussed herein. Also, the invention is not limited to the example combinations of 
applications of the UFT module discussed herein. These examples were provided for 
illustrative purposes only, and are not limiting. Other applications and combinations 
of such applications will be apparent to persons skilled in the relevant art(s) based on 
the teachings contained herein. Such applications and combinations include, for 
example and without limitation, 

applications/combinations comprising and/or involving one or more of: (1) frequency 
translation; (2) frequency down-conversion; (3) frequency up-conversion; (4) 
receiving; (5) transmitting; (6) filtering; and/or (7) signal transmission and reception 
1 in environments containing potentially jamming signals. 

Additional example applications are described below. 

7. Universal Transmitter 

The present invention is directed at a universal transmitter using two or more 
UFT modules in a balanced vector modulator configuration. The universal transmitter 
can be used to create virtually every known and useful waveform used in analog and 
digital communications applications in wired and wireless markets. By appropriately 
selecting the inputs to the universal transmitter, a host of signals can be synthesized 
including AM, FM, BPSK, QPSK, MSK, QAM, ODFM, multi-tone, and spread- 
spectrum signals (including CDMA and frequency hopping). As will be shown, the 
universal transmitter can up-convert these waveforms using less components than that 
seen with conventional super-hetrodyne approaches. In other words, the universal 
transmitter does not require multiple EF stages (having intermediate filtering) to up- 
convert complex waveforms that have demanding spectral growth requirements. The 
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elimination of intermediate IF stages reduces part count in the transmitter and 
therefore leads to cost savings. As will be shown, the present invention achieves these 
savings without sacrificing performance. 

Furthermore, the use of a balanced configuration means that carrier insertion 
can be attenuated or controlled during up-conversion of a baseband signal. Carrier 
insertion is caused by the variation of transmitter components (e.g. resistors, 
capacitors, etc.), which produces DC offset voltages throughout the transmitter. Any 
DC offset voltage gets up-converted, along with the baseband signal, and generates 
spectral energy (or carrier insertion) at the carrier frequency f c . In many transmit 
applications, it is highly desirable to minimize the carrier insertion in an up-converted 
signal because the sideband(s) carry the information and any carrier insertion is 
wasted energy that reduces efficiency. FIG. 33 A further illustrates carrier insertion 
and depicts up-converted signal 3302 having minimal carrier energy 3304 when 
compared to sidebands 3306a and 3306b. In these applications, the present invention 
can be configured to minimize carrier insertion by limiting the relative DC offset 
voltage that is present in the transmitter. Alternatively, some transmit applications 
require sufficient carrier insertion for coherent demodulation of the transmitted signal 
at the receiver. This illustrated by FIG. 33B, which shows up-converted signal 3308 
having carrier energy 33 10 that is somewhat larger than sidebands 33 12a and 33 12b. 
In these applications, the present invention can be configured to introduce a DC offset 
that generates the desired carrier insertion. 

7.1 Universal Transmitter Having 2 UFT modules 

FIG. 34A illustrates a transmitter 3402 according to embodiments of the 
present invention. Transmitter 3402 includes a balanced modulator/up-converter 
3404, a control signal generator 3442, an optional filter 3406, and an optional 
amplifier 3408. Transmitter 3402 up-converts a baseband signal 3410 to produce an 
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output signal 3440 that is conditioned for wireless or wire line transmission. In doing 
so, the balanced modulator 3404 receives the baseband signal 3410 and samples the 
baseband signal in a differential and balanced fashion to generate a harmonically rich 
signal 3438. The harmonically rich signal 3438 includes multiple harmonic images, 
where each image contains the baseband information in the baseband signal 3410. The 
optional bandpass filter 3406 may be included to select a harmonic of interest (or a 
subset of harmonics) in the signal 3438 for transmission. The optional amplifier 3408 
may be included to amplify the selected harmonic prior to transmission. 

7.1.1 Balanced Modulator Detailed Description 

The balanced modulator 3404 includes the following components: a 
buffer/inverter 3412; summer amplifiers 3418, 3419; UFT modules 3424 and 3428 
having controlled switches 3448 and 3450, respectively; an inductor 3426; a blocking 
capacitor 3436; and a DC terminal 3411. As stated above, the balanced modulator 
3404 samples the baseband signal to generate a harmonically rich signal 3438. More 
specifically, the UFT modules 3424 and 3428 sample the baseband signal in 
differential fashion according to control signals 3423 and 3427, respectively. A DC 
reference voltage 3413 is applied to terminal 341 1 and is uniformly distributed to the 
UFT modules 3424 and 3428. The distributed DC voltage 3413 prevents any DC 
offset voltages from developing between the UFT modules that can lead to carrier 
insertion in the harmonically rich signal 3438. The operation of the balanced 
modulator 3404 is described in greater detail in reference to the flowchart 6900 as 
follows. 

In step 6902, the modulator 3404 receives the input baseband signal 3410. 
More specifically, the buffer/inverter 3412 receives the input baseband signal. 

In step 6904, the buffer/inverter 3412 generates input signal 3414 and inverted 
input signal 3416. Input signal 3414 is substantially similar to signal 3410, and 
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inverted signal 3416 is an inverted version of signal 3414. As such, the buffer/inverter 
3412 converts the (single-ended) baseband signal 3410 into differential signals 3414 
and 3416 that will be sampled by the UFT modules. Buffer/inverter 3412 can be 
implemented using known operational amplifier (op amp) circuits, as will be 
understood by those skilled in the arts. 

In step 6906, the summer amplifier 3418 sums the DC reference voltage 3413 
applied to terminal 341 1 with the input signal 3414, to generate a combined signal 
3420. Likewise, the summer amplifier 3419 sums the DC reference voltage 3413 with 
the inverted input signal 3416 to generate a combined signal 3422. Summer amplifiers 
3418 and 3419 can be implemented using known op amp summer circuits, which can 
be designed to have a specified gain or attenuation, including unity gain. The DC 
reference voltage 3413 is also distributed to the outputs of both UFT modules 3424 
and 3428 through the inductor 3426 as is shown. 

In step 6908, control signal generator 3442 generates control signals 3423 and 
3427 that are shown in FIG. 35B and FIG. 35C, respectively. As illustrated, both 
control signals 3423 and 3427 have the same period T s as a master clock signal 3445 
(FIG. 3 5 A), but have a pulse width (or aperture) of T A . Control signal 3423 triggers 
on the rising pulse edge of the master clock signal 3445, and control signal 3427 
triggers on the falling pulse edge of the master clock signal 3445. Therefore, control 
signals 3423 and 3427 are shifted in time by 180 degrees relative to each other. 

In one embodiment, the control signal generator 3442 includes an oscillator 
3446, pulse generators 3444a and 3444b, and an inverter 3447 as shown. In 
operation, the oscillator 3446 generates the master clock signal 3445, which is 
illustrated in FIG. 35 A as a periodic square wave having pulses with a period of T s . 
Other clock signals could be used including sinusoidal waves, as will be understood 
by those skilled in the arts. Control signal generator 3444a receives the master clock 
signal 3445 and triggers on the rising pulse edge, to generate the control signal 3423. 
Inverter 3447 inverts the clock signal 3445 to generate an inverted clock signal 3443 . 
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The control signal generator 3444b receives the inverted clock signal 3443 and 
triggers on the rising pulse edge (which is the falling edge of clock signal 3445), to 
generate the control signal 3427. 

In step 6910, the UFT module 3424 samples the combined signal 3420 
according to the control signal 3423 to generate harmonically rich signal 3430. More 
specifically, the switch 3448 closes during the pulse widths T A of the control signal 
3423 to sample the combined signal 3420 and generate harmonically rich signal 3430. 
FIG. 34B illustrates an exemplary frequency spectrum for the harmonically rich signal 
3430 having harmonic images 3452a-n. The images 3452 repeat at harmonics of the 
sampling frequency 1/T S , at infinitum, where each image 3452 contains the necessary 
amplitude and frequency information to reconstruct the baseband signal 3410. As 
discussed further below, the relative amplitude of the frequency images is generally 
a function of the harmonic number and the pulse width T A . As such, the relative 
amplitude of a particular harmonic 3452 can be increased (or decreased) by adjusting 
the pulse width T A of the control signal 3423. In general, shorter pulse widths of T A 
shift more energy into the higher frequency harmonics, and longer pulse widths of T A 
shift energy into the lower frequency harmonics. The generation of harmonically rich 
signals by sampling an input signal according to a controlled aperture have been 
described earlier in this application in the section titled, "Frequency Up-conversion 
Using Universal Frequency Translation", and is illustrated by FIGs. 3-6. A more 
detailed discussion of frequency up-conversion using a switch with a controlled 
sampling aperture is discussed in the co-pending patent application titled, "Method 
and System for Frequency Up-Conversion," Ser. No./09/176,154, field on October 
21, 1998, and incorporated herein by reference. 

In step 6912, the UFT module 3428 samples the combined signal 3422 
according to the control signal 3427 to generate harmonically rich signal 3434. More 
specifically, the switch 3450 closes during the pulse widths T A of the control signal 
3427 to sample the combined signal 3422 to generate the harmonically rich signal 
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3434. The harmonically rich signal 3434 includes multiple frequency images of 
baseband signal 3410 that repeat at harmonics of the sampling frequency (1/T S ), 
similar to that for the harmonically rich signal 3430. However, the images in the signal 
3434 are phase-shifted compared to those in signal 3430 because of the inversion of 
signal 3416 compared to signal 3414, and because of the relative phase shift between 
the control signals 3423 and 3427. 

In step 6914, the node 3432 sums the harmonically rich signals 3432 and 3434 
to generate harmonically rich signal 3433. FIG. 34C illustrates an exemplary 
frequency spectrum for the harmonically rich signal 3433 that has multiple images 
3454a-n that repeat at harmonics of the sampling frequency 1/T S . Each image 3454 
includes the necessary amplitude and frequency information to reconstruct the 
baseband signal 3410. 

In step 6916, the optional filter 3406 can be used to select a desired harmonic 
image for transmission. This is represented by a passband 3456 that selects the 
harmonic image 3456c for transmission. 

An advantage of the modulator 3404 is that it is fully balanced, which 
substantially minimizes (or eliminates) any DC voltage offset between the two UFT 
modules 3424 and 3428. DC offset is minimized because the reference voltage 3413 
contributes a consistent DC component to the input signals 3420 and 3422 through 
the summing amplifiers 3418 and 3419, respectively. Furthermore, the reference 
voltage 3413 is also directly coupled to the outputs of the UFT modules 3424 and 
3428 through the inductor 3426 and the node 3432. The result of controlling the DC 
offset between the UFT modules is that carrier insertion is minimized in the harmonic 
images of the harmonically rich signal 3438. As discussed above, carrier insertion is 
substantially wasted energy because the information for a modulated signal is carried 
in the sidebands of the modulated signal and not in the carrier. Therefore, it is often 
desirable to minimize the energy at the carrier frequency by controlling the relative 
DC offset. 
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7.1.2 Balanced Modulator Example Signal Diagrams and 
Mathematical Description 

In order to further describe the invention, FIGs.35D-35I illustrate various 
example signal diagrams (vs. time) that are representative of the invention. These 
signal diagrams are meant for example purposes only and are not meant to be limiting. 
FIG. 35D illustrates a signal 3502 that is representative of the input baseband signal 
3410 (FIG. 34A). ( Note: the invention can up-convert both digital and analog input 
signals) FIG. 35E illustrates a step function 3504 that is an expanded portion of the 
signal 3502 from time t 0 to t u and represents signal 3414 at the output of the 
buffer/inverter 3412. Similarly, FIG. 35F illustrates a signal 3506 that is an inverted 
version of the signal 3504, and represents the signal 3416 at the inverted output of 
buffer/inverter 3412. For analysis purposes, a step function is a good approximation 
for a portion of a single bit of data (for the baseband signal 3410) because the clock 
rates of the control signals 3423 and 3427 are significantly higher than the data rates 
of the baseband signal 3410. For example, if the data rate is in the KHz frequency 
range, then the clock rate will preferably be in MHZ frequency range in order to 
generate an output signal in the Ghz frequency range. 

Still referring to FIGs. 35D-I, the FIG. 35G illustrates a signal 3508 that an 
example of the harmonically rich signal 3430 when the step function 3504 is sampled 
according to the control signal 3423 in FIG. 35B. The signal 3508 includes positive 
pulses 3509 referenced to the DC voltage 3413. Likewise, FIG. 35H illustrates a 
signal 3510 that is an example of the harmonically rich signal 3434 when the step 
function 3506 is sampled according to the control signal 3427. The signal 3510 
includes negative pulses 3511 referenced to the DC voltage 3413, that are time- 
shifted relative the positive pulses 3509 in signal 3508. FIG. 351 illustrates a signal 
3512 that is the combination of signal 3508 (FIG. 35G) and the signal 3510 (FIG. 
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35H), and is an example of the harmonically rich signal 3433 at the output of the 
summing node 3432. 

Referring to FIG. 351, the signal 3512 spends approximately as much time 
above the DC reference voltage 3413 as below the DC reference voltage 3413 over 
a limited time period. For example, over a time period 3514, the energy in the positive 
pulses 3509a-b is canceled out by the energy in the negative pulses 35 1 la-b. This is 
indicative of minimal (or zero) DC offset between the UFT modules 3424 and 3428, 
which results in minimal carrier insertion during the sampling process. 

Still referring to FIG. 351, the time axis of the signal 3512 can be phased in 
such a manner to represent the waveform as an odd function. For such an 
arrangement, the Fourier series is readily calculated to obtain: 
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where: T s = period of the master clock 3445 

T A = pulse width of the control signals 3423 and 3427 
n= harmonic number 



As shown by Equation 1, the relative amplitude of the frequency images is 
generally a function of the harmonic number n f and the ratio of T A /T S . As indicated, 
the T A /T S ratio represents the ratio of the pulse width of the control signals relative 
to the period of the sub-harmonic master clock. The T A /T S ratio can be optimized in 
order to maximize the amplitude of the frequency image at a given harmonic. For 
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example, if a passband waveform is desired to be created at 5x the frequency of the 
sub-harmonic clock, then a baseline power for that harmonic extraction may be 
calculated for the fifth harmonic (n=5) as: 
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Equation 2. 



As shown by Equation 2, I c (t) for the fifth harmonic is a sinusoidal function having 
an amplitude that is proportional to the sin (5ttT a /T s ) The signal amplitude can be 
maximized by setting T A = (1/10* T s ) so that sin (5tiT a /T s )= sin (tt/2)= 1. Doing so 
results in the equation: 

I c W| w=5 = (sin(5^ /)) Equation 3. 

This component is a carrier frequency at 5x of the sampling frequency of sub- 
harmonic clock, and can be extracted from the Fourier series via a bandpass filter 
(such as bandpass filter 3406) that is centered around 5 f s . The extracted frequency 
component can then be optionally amplified by the amplifier 3408 prior to 
transmission on a wireless or wire-line communications channel or channels. 

Equation 3 can be extended to reflect the inclusion of a message signal as 
illustrated by equation 4 below: 
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m(t)-I c (t)\"- 5 = 
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sin(5o/ + 50(t))) Equation 4. 



Equation 4 illustrates that a message signal can be carried in harmonically rich signals 
3433 such that both amplitude and phase can be modulated. In other words, m(t) is 
modulated for amplitude and 0(t) is modulated for phase. In such cases, it should be 
noted that 0(t) is augmented modulo n while the amplitude modulation m(t) is simply 
scaled. Therefore, complex waveforms may be reconstructed from their Fourier series 
with multiple aperture UFT combinations. 

As discussed above, the signal amplitude for the 5th harmonic was maximized 
by setting the sampling aperture width T A = 1/10 Ts, where T s is the period of the 
master clock signal. This can be restated and generalized as setting T A = V2 the period 
(or 7t radians) at the harmonic of interest. In other words, the signal amplitude of any 
harmonic n can be maximized by sampling the input waveform with a sampling 
aperture of T A = V2 the period of the harmonic of interest (w). Based on this 
discussion, it is apparent that varying the aperture changes the harmonic and 
amplitude content of the output waveform. For example, if the sub-harmonic clock 
has a frequency of 200 MHZ, then the fifth harmonic is at lGhz. The amplitude of the 
fifth harmonic is maximized by setting the aperture width T A = 500 picoseconds, which 
equates to V2 the period (or tt radians) at 1 Ghz. 

FIG. 35 J depicts a frequency plot 3516 that graphically illustrates the effect 
of varying the sampling aperture of the control signals on the harmonically rich signal 
3433 given a 200 MHZ harmonic clock. The frequency plot 3516 compares two 
frequency spectrums 3518 and 3 520 for different control signal apertures given a 200 
MHZ clock. More specifically, the frequency spectrum 3518 is an example spectrum 
for signal 3533 given the 200 MHZ clock with the aperture T A = 500 psec (where 500 
psec is 7T radians at the 5th harmonic of 1GHz). Similarly, the frequency spectrum 
3520 is an example spectrum for signal 3433 given a 200 MHZ clock that is a square 
wave (so T A = 5000 psec). The spectrum 3518 includes multiple harmonics 3518a-i, 
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and the frequency spectrum 3520 includes multiple harmonics 3520a-e. [ It is noted 
that spectrum 3520 includes only the odd harmonics as predicted by Fourier analysis 
for a square wave.] At 1 Ghz ( which is the 5th harmonic), the signal amplitude of the 
two frequency spectrums 35 18e and 3520c are approximately equal. However, at 200 
MHZ, the frequency spectrum 35 1 8b has a much lower amplitude than the frequency 
spectrum 3 520a, and therefore the frequency spectrum 3 5 1 8 is more efficient than the 
frequency spectrum 3 520, assuming the desired harmonic is the 5th harmonic. In other 
words, assuming 1 Ghz is the desired harmonic, the frequency spectrum 3518 wastes 
less energy at the 200 MHZ fundamental than does the frequency spectrum 3518. 

7.1.3 Balanced Modulator Having a Shunt Configuration 

FIG. 64 A illustrates a universal transmitter 6400 that is a second embodiment 
of a universal transmitter having two balanced UFT modules in a shunt configuration. 
(In contrast, the balanced modulator 3404 can be described as having a series 
configuration based on the orientation of the UFT modules.) Transmitter 6400 
includes a balanced modulator 6401, the control signal generator 3442, the optional 
bandpass filter 3406, and the optional amplifier 3408. The transmitter 6400 up- 
converts a baseband signal 6402 to produce an output signal 6436 that is conditioned 
for wireless or wire line transmission. In doing so, the balanced modulator 6401 
receives the baseband signal 6402 and shunts the baseband signal to ground in a 
differential and balanced fashion to generate a harmonically rich signal 6434. The 
harmonically rich signal 6434 includes multiple harmonic images, where each image 
contains the baseband information in the baseband signal 6402. In other words, each 
harmonic image includes the necessary amplitude, frequency, and phase information 
to reconstruct the baseband signal 6402. The optional bandpass filter 3406 may be 
included to select a harmonic of interest (or a subset of harmonics) in the signal 6434 
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for transmission. The optional amplifier 3408 may be included to amplify the selected 
harmonic prior to transmission, resulting in the output signal 6436. 

The balanced modulator 6401 includes the following components: a 
buffer/inverter 6404; optional impedances 6410, 6412; UFT modules 6416 and 6422 
having controlled switches 64 1 8 and 6424, respectively; blocking capacitors 6428 and 
6430; and a terminal 6420 that is tied to ground. As stated above, the balanced 
modulator 6401 differentially shunts the baseband signal 6402 to ground, resulting in 
a harmonically rich signal 6434. More specifically, the UFT modules 6416 and 6422 
alternately shunts the baseband signal to terminal 6420 according to control signals 
3423 and 3427, respectively. Terminal 6420 is tied to ground and prevents any DC 
offset voltages from developing between the UFT modules 6416 and 6422. As 
described above, a DC offset voltage can lead to undesired carrier insertion. The 
operation of the balanced modulator 6401 is described in greater detail according to 
the flowchart 7000 (FIG. 70) as follows. 

In step 7002, the modulator 3404 receives the input baseband signal 3410. 
More specifically, the buffer/inverter 3412 receives the input baseband signal. 

In step 7004, the buffer/inverter 6404 receives the input baseband signal 6402 
and generates I signal 6406 and inverted I signal 6408. 1 signal 6406 is substantially 
similar to the baseband signal 6402, and the inverted I signal 6408 is an inverted 
version of signal 6402. As such, the buffer/inverter 6404 converts the (single-ended) 
baseband signal 6402 into differential signals 6406 and 6408 that are sampled by the 
UFT modules. Buffer/inverter 6404 can be implemented using known operational 
amplifier (op amp) circuits, as will be understood by those skilled in the arts. 

In step 7006, the control signal generator 3442 generates control signals 3423 
and 3427 from the master clock signal 3445. Examples of the master clock signal 
3445, control signal 3423, and control signal 3427 are shown in FIGs. 35A-C, 
respectively. As illustrated, both control signals 3423 and 3427 have the same period 
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T s as a master clock signal 3445, but have a pulse width (or aperture) of T A . Control 
signal 3423 triggers on the rising pulse edge of the master clock signal 3445, and 
control signal 3427 triggers on the falling pulse edge of the master clock signal 3445. 
Therefore, control signals 3423 and 3427 are shifted in time by 180 degrees relative 
to each other. A specific embodiment of the control signal generator 3442 is 
illustrated in FIG. 34A, and was discussed in detail above. 

In step 7008, the UFT module 6416 shunts the signal 6406 to ground 
according to the control signal 3423, to generate a harmonically rich signal 6414. 
More specifically, the switch 6418 closes and shorts the signal 6406 to ground (at 
terminal 6420) during the aperture width T A of the control signal 3423, to generate 
the harmonically rich signal 6414. FIG. 64B illustrates an exemplary frequency 
spectrum for the harmonically rich signal 6418 having harmonic images 6450a-n. The 
images 6450 repeat at harmonics of the sampling frequency 1/T S , at infinitum, where 
each image 6450 contains the necessary amplitude, frequency, and phase information 
to reconstruct the baseband signal 6402. The generation of harmonically rich signals 
by sampling an input signal according to a controlled aperture have been described 
earlier in this application in the section titled, "Frequency Up-conversion Using 
Universal Frequency Translation", and is illustrated by FIGs. 3-6. A more detailed 
discussion of frequency up-conversion using a switch with a controlled sampling 
aperture is discussed in the co-pending patent application titled, "Method and System 
for Frequency Up-Conversion," Ser. No./09/176,154, field on October 21, 1998, and 
incorporated herein by reference. 

The relative amplitude of the frequency images 6450 is generally a function 
of the harmonic number and the pulse width T A . As such, the relative amplitude of a 
particular harmonic 6450 can be increased (or decreased) by adjusting the pulse width 
T A of the control signal 3423. In general, shorter pulse widths of T A shift more energy 
into the higher frequency harmonics, and longer pulse widths of T A shift energy into 
the lower frequency harmonics. Additionally, the relative amplitude of a particular 



• # 

-78- 

harmonic 6450 can also be adjusted by adding/tunning an impedance 64 1 0. Impedance 
64 1 0 operates as a filter that emphasizes a particular harmonic in the harmonically rich 
signal 6414. 

In step 70 1 0, the UFT module 6422 shunts the inverted signal 6408 to ground 
according to the control signal 3427, to generate a harmonically rich signal 6426. 
More specifically, the switch 6424 closes during the pulse widths T A and shorts the 
inverted I signal 6408 to ground (at terminal 6420), to generate the harmonically rich 
signal 6426. At any given time, only one of input signals 6406 or 6408 is shorted to 
ground because the pulses in the control signals 3423 and 3427 are phase shifted with 
respect to each other, as shown in FIGs. 34B and 34C. 

The harmonically rich signal 6426 includes multiple frequency images of 
baseband signal 6402 that repeat at harmonics of the sampling frequency (1/T S ), 
similar to that for the harmonically rich signal 64 1 4. However, the images in the signal 
6426 are phase-shifted compared to those in signal 6414 because of the inversion of 
the signal 6408 compared to the signal 6406, and because of the relative phase shift 
between the control signals 3423 and 3427. The optional impedance 6412 can be 
included to emphasis a particular harmonic of interest, and is similar to the impedance 
6410 above. 

In step 7012, the node 6432 sums the harmonically rich signals 6414 and 6426 
to generate the harmonically rich signal 6434. The capacitors 6428 and 6430 operate 
as blocking capacitors that substantially pass the respective harmonically rich signals 
6414 and 6426 to the node 6432. (The capacitor values may be chosen to 
substantially block baseband frequency components as well.) FIG. 64C illustrates an 
exemplary frequency spectrum for the harmonically rich signal 6434 that has multiple 
images 6452a-n that repeat at harmonics of the sampling frequency 1/T S . Each image 
6452 includes the necessary amplitude, frequency, and phase information to 
reconstruct the baseband signal 6402. The optional filter 3406 can be used to select 
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the harmonic image of interest for transmission. This is represented by a passband 
6456 that selects the harmonic image 6432c for transmission. 

An advantage of the modulator 6401 is that it is fully balanced, which 
substantially minimizes (or eliminates) any DC voltage offset between the two UFT 
modules 6412 and 6414. DC offset is minimized because the UFT modules 6416 and 
6422 are both connected to ground at terminal 6420. The result of controlling the DC 
offset between the UFT modules is that carrier insertion is minimized in the harmonic 
images of the harmonically rich signal 6434. As discussed above, carrier insertion is 
substantially wasted energy because the information for a modulated signal is carried 
in the sidebands of the modulated signal and not in the carrier. Therefore, it is often 
desirable to minimize the energy at the carrier frequency by controlling the relative 
DC offset. 

7.1.4 Balanced Modulator FET Configurations 

As described above, the balanced modulators 3404 and 6401 utilize two 
balanced UFT modules to sample the input baseband signals to generate harmonically 
rich signals that contain the up-converted baseband information. More specifically, 
the UFT modules include controlled switches that sample the baseband signal in a 
balanced and differential fashion. FIGs. 34D and 64D illustrate embodiments of the 
controlled switch in the UFT module. 

FIG. 34D illustrates an embodiment of the modulator 3404 (FIG. 34B) where 
the controlled switches in the UFT modules are field effect transistors (FET). More 
specifically, the controlled switches 3448 and 3428 are embodied as FET 3458 and 
FET 3460, respectively. The FET 3458 and 3460 are oriented so that their gates are 
controlled by the control signals 3423 and 3427, so that the control signals control 
the FET conductance. For the FET 3458, the combined baseband signal 3420 is 
received at the source of the FET 3458 and is sampled according to the control signal 
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3423 to produce the harmonically rich signal 3430 at the drain of the FET 3458. 
Likewise, the combined baseband signal 3422 is received at the source of the FET 
3460 and is sampled according to the control signal 3427 to produce the harmonically 
rich signal 3434 at the drain of FET 3460. The source and drain orientation that is 
illustrated is not limiting, as the source and drains can be switched for most FETs. In 
other words, the combined baseband signal can be received at the drain of the FETs, 
and the harmonically rich signals can be taken from the source of the FETs, as will be 
understood by those skilled in the relevant arts. 

FIG. 64D illustrates an embodiment of the modulator 6400 (FIG. 64) where 
the controlled switches in the UFT modules are field effect transistors (FET). More 
specifically, the controlled switches 6418 and 6424 are embodied as FET 6436 and 
FET 6438, respectively. The FETs 6436 and 6438 are oriented so that their gates are 
controlled by the control signals 3423 and 3427, respectively, so that the control 
signals determine FET conductance. For the FET 6436, the baseband signal 6406 is 
received at the source of the FET 6436 and shunted to ground according to the 
control signal 3423, to produce the harmonically rich signal 6414. Likewise, the 
baseband signal 6408 is received at the source of the FET 6438 and is shunted to 
grounding according to the control signal 3427, to produce the harmonically rich 
signal 6426. The source and drain orientation that is illustrated is not limiting, as the 
source and drains can be switched for most FETs, as will be understood by those 
skilled in the relevant arts. 

7.1.5 Universal Transmitter Configured for Carrier Insertion: 

As discussed above, the transmitters 3402 and 6400 have a balanced 
configuration that substantially eliminates any DC offset and results in minimal carrier 
insertion in the output signal 3340. Minimal carrier insertion is generally desired for 
most applications because the carrier signal carries no information and reduces the 
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overall transmitter efficiency. However, some applications require the received signal 
to have sufficient carrier energy for the receiver to extract the carrier for coherent 
demodulation. In support thereof, the present invention can be configured to provide 
the necessary carrier insertion by implementing a DC offset between the two sampling 
UFT modules. 

FIG. 36 illustrates a transmitter 3602 that up-converts a baseband signal 3606 
to an output signal 3622 having carrier insertion. As is shown, the transmitter 3602 
is similar to the transmitter 3402 ( FIG. 34A) with the exception that the up- 
converter/modulator 3604 is configured to accept two DC references voltages. In 
contrast, modulator 3404 was configured to accept only one DC reference voltage. 
More specifically, modulator 3604 includes a terminal 3609 to accept a DC reference 
voltage 3608, and a terminal 3613 to accept a DC reference voltage 3614. Vr 3608 
appears at the UFT module 3424 though summer amplifier 3418 and the inductor 
3610. Vr 3614 appears at UFT module 3428 through the summer amplifier 3419 and 
the inductor 3616. Capacitors 3612 and 3618 operate as blocking capacitors. If Vr 
3608 is different from Vr 3614 then a DC offset voltage will be exist between UFT 
module 3424 and UFT module 3428, which will be up-converted as carrier frequency 
in the harmonically rich signal 3620. More specifically, each harmonic image in the 
harmonically rich signal 3620 will include a carrier signal as shown in FIG. 36 below. 

FIG. 36B illustrates an exemplary frequency spectrum for the harmonically 
rich signal 3620 that has multiple harmonic images 3624a-n. In addition to carrying 
the baseband information in the sidebands, each harmonic image 3624 also includes 
a carrier signal 3626 that exists at respective harmonic of the sampling frequency 
1/T S . The amplitude of the carrier signal increases with increasing DC offset voltage. 
Therefore, as the difference between Vr 3608 and Vr 3614 widens, the amplitude of 
each carrier signal 3626 increases. Likewise, as the difference between Vr 3608 and 
Vr 3614 shrinks, the amplitude of each carrier signal 3626 shrinks. 
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As with transmitter 3602, the optional bandpass filter 3406 can be included 
to select a desired harmonic image for transmission. This is represented by passband 
3628 selecting the harmonic 3624c in FIG. 36B. 

7.2 Universal Transmitter In IQ Configuration: 

As described above, the balanced modulators 3404 and 6401 up-convert a 
baseband signal to a harmonically rich signal having multiple harmonic images of the 
baseband information. By combining two balanced modulators, IQ configurations can 
be formed for up-converting I and Q baseband signals. In doing so, either the (series 
type) balanced modulator 3404 or the (shunt type) balanced modulator 6401 can be 
utilized. IQ modulators having both series and shunt configurations are described 
below. 

7.2.1 IQ Transmitter Using Series-Type Balanced Modulator 

FIG. 37 illustrates an IQ transmitter 3720 with an in-phase (I) and quadrature 
(Q) configuration according to embodiments of the invention. The transmitter 3720 
includes an IQ balanced modulator 3710, an optional filter 3714, and an optional 
amplifier 3716. The transmitter 3720 is useful for transmitting complex I Q 
waveforms and does so in a balanced manner to control DC offset and carrier 
insertion. In doing so, the modulator 3710 receives an I baseband signal 3702 and a 
Q baseband signal 3704 and up-converts these signals to generate a combined 
harmonically rich signal 3712. The harmonically rich signal 3712 includes multiple 
harmonics images, where each image contains the baseband information in the I signal 
3702 and the Q signal 3704. The optional bandpass filter 3714 may be included to 
select a harmonic of interest (or subset of harmonics) from the signal 3712 for 
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transmission. The optional amplifier 3716 may be included to amplify the selected 
harmonic prior to transmission, to generate the IQ output signal 3718. 

As stated above, the balanced IQ modulator 3710 up-converts the I baseband 
signal 3702 and the Q baseband signal 3704 in a balanced manner to generate the 
combined harmonically rich signal 3712 that carriers the I and Q baseband 
information. To do so, the modulator 3710 utilizes two balanced modulators 3404 
from FIG. 34A, a signal combiner 3708, and a DC terminal 3707. The operation of 
the balanced modulator 3710 is described as follows. 

The balanced modulator 3404a samples the I baseband signal 3702 in a 
differential fashion using the control signals 3423 and 3427 to generate a harmonically 
rich signal 371 la. The harmonically rich signal 3711a contains multiple harmonic 
images of the I baseband information, similar to the harmonically rich signal 3430 in 
FIG. 34B. Likewise, the balanced modulator 3404b samples the Q baseband signal 
3704 in a differential fashion using control signals 3423 and 3427 to generate 
harmonically rich signal 371 lb, where the harmonically rich signal 371 lb contains 
multiple harmonic images of the Q baseband signal 3704. The operation of the 
balanced modulator 3404 and the generation of harmonically rich signals was fully 
described above and illustrated in FIGs. 34A-35J, to which the reader is referred for 
further details. The DC terminal 3707 receives a DC voltage 3706 that is distributed 
to both modulators 3404a and 3404b. The DC voltage 3706 is distributed to both the 
input and output of both UFT modules 3424 and 3428 in each modulator 3404. This 
minimizes (or prevents) DC offset voltages from developing between the four UFT 
modules, and thereby minimizes or prevents any carrier insertion during the sampling 
process. 

Still referring to FIG. 37, the 90 degree signal combiner 3708 combines the 
harmonically rich signals 3711a and 371 lb to generate IQ harmonically rich signal 
3712. This is further illustrated in FIGs. 38A-C. FIG. 38A depicts an exemplary 
frequency spectrum for the harmonically rich signal 3711a having harmonic images 
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3802a-n, The images 3802 repeat at harmonics of the sampling frequency 1/T S , where 
each image 3802 contains the necessary amplitude and frequency information to 
reconstruct the I baseband signal 3702. Likewise, FIG. 38B depicts an exemplary 
frequency spectrum for the harmonically rich signal 371 lb having harmonic images 
3804a-n. The harmonic images 3804a-n also repeat at harmonics of the sampling 
frequency 1/T S , where each image 3804 contains the necessary amplitude and 
frequency information to reconstruct the Q baseband signal 3704. FIG.38C illustrates 
an exemplary frequency spectrum for the combined harmonically rich signal 3712 
having images 3806. Each image 3806 carries the I baseband information and the Q 
baseband information from the corresponding images 3802 and 3804, respectively, 
without substantially increasing the frequency bandwidth occupied by each harmonic 
3806. This can occur because the signal combiner 3708 phase shifts the Q signal 
371 lb by 90 degrees relative to the I signal 371 la. The result is that the images 
3802a-n and 3804a-n effectively share the signal bandwidth do to their orthogonal 
relationship. For example, the images 3 802a and 3 804a effectively share the frequency 
spectrum that is represented by the image 3806a. The optional filter 3714 may be 
included to select a harmonic of interest, as represented by the passband 3808 
selecting the image 3806c in FIG. 38c. 

FIG. 39 A illustrates a transmitter 3908 that is a second embodiment for an I 
Q transmitter having a balanced configuration. Transmitter 3908 is similar to the 
transmitter 3720 except that the 90 degree phase shift between the I and Q channels 
is achieved by phase shifting the control signals instead of using a 90 degree signal 
combiner to combine the harmonically rich signals. More specifically, delays 3904a 
and 3904b delay the control signals 3423 and 3427 for the Q channel modulator 
3404b by 90 degrees relative the control signals for the I channel modulator 3404a. 
As a result, the Q modulator 3404b samples the Q baseband signal 3704 with 90 
degree delay relative to the sampling of the I baseband signal 3702 by the I channel 
modulator 3404a. Therefore, the Q harmonically rich signal 371 lb is phase shifted by 
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90 degrees relative to the I harmonically rich signal. Since the phase shift is achieved 
using the control signals, an in-phase signal combiner 3906 combines the harmonically 
rich signals 371 la and 371 lb, to generate the harmonically rich signal 3712. 

FIG. 39B illustrates a transmitter 3918 that is similar to transmitter 3908 in 
FIG. 39A. The difference being that the transmitter 3918 has a modulator 3920 that 
utilizes a summing node 3922 to sum the signals 371 la and 371 lb instead of the in- 
phase signal combiner 3906 that is used in modulator 3902 of transmitter 3908. 

FIG. 63A-63D illustrate various circuit implementations of the transmitter 
3720. These circuit implementations are meant for example purposes only, and are 
not meant to be limiting, 

FIG. 63 A illustrates the I and Q input circuits 6302a and 6302b that receive 
the I and Q input signals. 

FIG. 63B illustrates the I channel 6306 that processes the I data 6304a from 
the I input circuit 6302a. 

FIG. 63 C illustrates the Q channel 6308 that processes the Q data 6304b from 
the Q input circuit 6306b. 

FIG. 63D illustrates the output combiner circuit 6310 that combines the I 
channel data 6307 and the Q channel data 6309 to generate the RF output 3718. 

7.2.2 IQ Transmitter Using Shunt-Type Balanced Modulator 

FIG. 65 illustrates an IQ transmitter 6500 that is another IQ transmitter 
embodiment according to the present invention. The transmitter 6500 includes an IQ 
balanced modulator 6501, an optional filter 6512, and an optional amplifier 6514. 
During operation, the modulator 6501 up-converts an I baseband signal 6502 and a 
Q baseband signal 6504 to generate a combined harmonically rich signal 651 1. The 
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harmonically rich signal 651 1 includes multiple harmonics images, where each image 
contains the baseband information in the I signal 6502 and the Q signal 6504. The 
optional bandpass filter 6512 may be included to select a harmonic of interest (or 
subset of harmonics) from the harmonically rich signal 651 1 for transmission. The 
optional amplifier 6514 may be included to amplify the selected harmonic prior to 
transmission, to generate the IQ output signal 6516. 

The IQ modulator 6501 includes two balanced modulators 6401 from FIG. 
64, and a 90 degree signal combiner 6510 as shown. In operation, the balanced 
modulator 6401a differentially shunts the I baseband signal 6502 to ground according 
the control signals 3423 and 3427, to generate a harmonically rich signal 6506. The 
harmonically rich signal 6501 contains multiple harmonic images of the I baseband 
information. Likewise, the balanced modulator 6401b differentially shunts the Q 
baseband signal 6504 according to the control signals 3423 and 3427, to generate 
harmonically rich signal 6508. The harmonically rich signal 6508 contains multiple 
harmonic images of the Q baseband information. The operation of the balanced 
modulator 6401 and the generation of harmonically rich signals was fully described 
above and illustrated in FIGs. 64A-C, to which the reader is referred for further 
details. 

Still referring to FIG. 65, the 90 degree signal combiner 6510 combines the 
harmonically rich signals 6506 and 6508 to generate IQ harmonically rich signal 6511. 
This is further illustrated in FIGs. 66A-C. FIG. 66A depicts an exemplary frequency 
spectrum for the harmonically rich signal 6506 having harmonic images 6602a-n. The 
harmonic images 6602 repeat at harmonics of the sampling frequency 1 /T s , where 
each image 6602 contains the necessary amplitude and frequency information to 
reconstruct the I baseband signal 6502. Likewise, FIG. 66B depicts an exemplary 
frequency spectrum for the harmonically rich signal 6508 having harmonic images 
6604a-n. The harmonic images 6604a-n also repeat at harmonics of the sampling 
frequency 1/T S , where each image 6604 contains the necessary amplitude and 
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frequency information to reconstruct the Q baseband signal 6504. FIG.66C illustrates 
an exemplary frequency spectrum for the IQ harmonically rich signal 651 1 having 
images 6606a-n. Each image 6606 carries the I baseband information and the Q 
baseband information from the corresponding images 6602 and 6604, respectively, 
without substantially increasing the frequency bandwidth occupied by each image 
6606. This can occur because the signal combiner 65 10 phase shifts the Q signal 6508 
by 90 degrees relative to the I signal 6506. The optional filter 6512 may be included 
to select a harmonic of interest, as represented by the passband 6608 selecting the 
image 6606c in FIG. 66C. The optional amplifier 65 14 can be included to amplify the 
selected harmonic image 6606 prior to transmission. 

FIG. 67 illustrates a transmitter 6700 that is another embodiment for an I Q 
transmitter having a balanced configuration. Transmitter 6700 is similar to the 
transmitter 6500 except that the 90 degree phase shift between the I and Q channels 
is achieved by phase shifting the control signals instead of using a 90 degree signal 
combiner to combine the harmonically rich signals. More specifically, delays 6704a 
and 6704b delay the control signals 3423 and 3427 for the Q channel modulator 
6401b by 90 degrees relative the control signals for the I channel modulator 6401a. 
As a result, the Q modulator 6401b samples the Q baseband signal 6504 with a 90 
degree delay relative to the sampling of the I baseband signal 6502 by the I channel 
modulator 6401a. Therefore, the Q harmonically rich signal 6508 is phase shifted by 
90 degrees relative to the I harmonically rich signal 6506. Since the phase shift is 
achieved using the control signals, an in-phase signal combiner 6706 combines the 
harmonically rich signals 6506 and 6508, to generate the harmonically rich signal 
6511. 

FIG. 68 illustrates a transmitter 6800 that is similar to transmitter 6700 in FIG. 
67. The difference being that the transmitter 6800 has a balanced modulator 6802 that 
utilizes a summing node 6804 to sum the I harmonically rich signal 6506 and the Q 
harmonically rich signal 6508 instead of the in-phase signal combiner 6706 that is used 
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in the modulator 6702 of transmitter 6700. The 90 degree phase shift between the I 
and Q channels in implemented by delaying the Q clock signals using 90 degree delays 
6704, as shown. 

7.2.3 IQ Transmitters Configured for Carrier Insertion: 

The transmitters 3720 and 3908 have a balanced configuration that 
substantially eliminates any DC offset and results in minimal carrier insertion in the IQ 
output signal 3718. Minimal carrier insertion is generally desired for most applications 
because the carrier signal carries no information and reduces the overall transmitter 
efficiency. However, some applications require the received signal to have sufficient 
carrier energy for the receiver to extract the carrier for coherent demodulation. In 
support thereof, FIG. 40 illustrates a transmitter 4002 that provides any necessary 
carrier insertion by implementing a DC offset between the two sets of sampling UFT 
modules. 

Transmitter 4002 is similar to the transmitter 3720 with the exception that a 
modulator 4004 in transmitter 4002 is configured to accept two DC reference 
voltages so that the I channel modulator 3404a can be biased separately from the Q 
channel modulator 3404b. More specifically, modulator 4004 includes a terminal 4006 
to accept a DC voltage reference 4007, and a terminal 4008 to accept a DC voltage 
reference 4009. Voltage 4007 biases the UFT modules 3424a and 3428a in the I 
channel modulator 3404a. Likewise, voltage 4009 biases the UFT modules 3424b and 
3428b in the Q channel modulator 3404b. When voltage 4007. is different from 
voltage 4009, then a DC offset will appear between the I channel modulator 3404a 
and the Q channel modulator 3404b, which results in carrier insertion in the IQ 
harmonically rich signal 3712. The relative amplitude of the carrier frequency energy 
increases in proportion to the amount of DC offset. 
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FIG. 41 illustrates a transmitter 4102 that is a second embodiment of an IQ 
transmitter having two DC terminals to cause DC offset, and therefore carrier 
insertion. Transmitter 4102 is similar to transmitter 4002 except that the 90 degree 
phase shift between the I and Q channels is achieved by phase shifting the control 
signals, similar to that done in transmitter 3908. More specifically, delays 4104a and 
4104b phase shift the control signals 3423 and 3427 for the Q channel modulator 
3404b relative to those of the I channel modulator 3404a. As a result, the Q 
modulator 3404b samples the Q baseband signal 3704 with 90 degree delay relative 
to the sampling of the I baseband signal 3702 by the I channel modulator 3404a. 
Therefore, the Q harmonically rich signal 3 7 1 1 b is phase shifted by 90 degrees relative 
to the I harmonically rich signal, which is then combined by the in-phase combiner 
4106. 

7.3 Universal Transmitter and CDMA 

The universal transmitter 3720 (in FIG. 37) and the universal transmitter 6500 
can be used to up-convert every known useful analog and digital baseband waveform 
including but not limited to: AM, FM, PM, BPSK, QPSK, MSK, QAM, ODFM, 
multi-tone, and spread spectrum signals. For further illustration, FIG. 42A and FIG. 
42B depict the transmitter 3720 configured to up-convert the mentioned modulation 
waveforms. FIG. 42 A illustrates transmitter 3720 configured to up-convert non- 
complex waveform including AM and shaped BPSK. In FIG. 42 A, these non-complex 
(and non-IQ) waveforms are received on the I input 4202, and the Q input 4204 is 
grounded since only a single channel is needed. FIG. 42B illustrates a transmitter 
3720 that configured to receive both I and Q inputs so that complex waveforms can 
be up-converted including, but not limited to: QPSK, QAM, OFDM, GSM, and 
spread spectrum waveforms including (CDMA and frequency hopping). 
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CDMA is an input waveform that is of particular interest for communications 
applications. CDMA is the fastest growing digital cellular communications standard 
in many regions, and now is widely accepted as the foundation for the competing third 
generation (3G) wireless standard. CDMA is considered to be the among the most 
demanding of the current digital cellular standards in terms of RF performance 
requirements. 

7.3.1 IS-95 CDMA Specifications 

FIG. 43 A and FIG. 43B illustrate the CDMA specifications for base station 
and mobile transmitters as required by the IS-95 standard. FIG. 43 A illustrates a base 
station CDMA signal 4302a having a main lobe 4304 and sidelobes 4306a and 4306b. 
For base station transmissions, IS-95 requires that the sidelobes 4306a,b are at least 
45 dB below the mainlobe 4304 (or 45dbc) at an offset frequency of 750 kHz, and 
60dBc at an offset frequency of 1 .98 MHZ. FIG. 43B illustrates similar requirements 
for a mobile CDMA signal 4308 having a main lobe 4310 and sidelobes 4312a and 
4312b. For mobile transmissions, CDMA requires that the sidelobes 4312a,b are at 
least 42 dBc at a frequency offset of 885 kHz, and 54 dBc at a frequency offset 1 .98 
MHZ. 

Rho is another well known performance parameter for CDMA . Rho is a 
figure-of-merit that measures the amplitude and phase distortion of a CDMA signal 
that has been processed in some manner (e.g. amplified, up-converted, filtered, etc.) 
The maximum theoretical value for Rho is 1.0, which indicates no distortion during 
the processing of the CDMA signal. The IS-95 requirement for the baseband-to-RF 
interface is Rho= .9912. As will be shown by the test results below, the transmitter 
3720 (in FIG. 37) can up-convert a CDMA baseband signal and achieve Rho values 
of approximately Rho= 0.9967. Furthermore, the modulator 3710 in the transmitter 
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3 720 achieves these results in standard CMOS, without doing multiple up-conversions 
and IF filtering that is associated with conventional super-heterodyne configurations. 

7.3.2 Conventional CDMA Transmitter 

Before describing the CDMA implementation of transmitter 3720, it is useful 
to describe a conventional super-heterodyne approach that is used to meet the IS-95 
specifications. FIG. 44 illustrates a conventional CDMA transmitter 4400 that up- 
converts an input signal 4402 to an output CDMA signal 4434. The conventional 
CDMA transmitter 4400 includes: a baseband processor 4404, a baseband filter 4408, 
a first mixer 4412, an amplifier 4416, a SAW filter 4420, a second mixer 4424, a 
power amplifier 4428, and a band-select filter 4432. The conventional CDMA 
transmitter operates as follows. 

The baseband processor 4404 spreads the input signal 4402 with I and Q 
spreading codes to generate I signal 4406a and Q signal 4406b, which are consistent 
with CDMA IS-95 standards. The baseband filter 4408 filters the signals 4406 with 
the aim of reducing the sidelobes so as to meet the sidelobe specification that was 
discussed in FIG. 43. Mixer 4412 up-converts the signal 4410 using a first LO signal 
4413 to generate an IF signal 4414. IF amplifier 4416 amplifies the IF signal 4414 to 
generate IF signal 4418. SAW filter 4420 has a bandpass response that filters the IF 
signal 44 1 8 to suppress any sidelobes caused by the non-linear operations of the mixer 
4414. As is understood by those skilled in the arts, SAW filters provide significant 
signal suppression outside the passband, but are relatively expensive and large 
compared to other transmitter components. Furthermore, SAW filters are typically 
built on specialized materials that cannot be integrated onto a standard CMOS chip. 
Mixer 4424 up-converts the signal 4422 using a second LO signal 4425 to generate 
RF signal 4426. Power amplifier 4428 amplifies RF signal 4426 to generate signal 
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4430. Band-select filter 4432 bandpass filters RF signal 4430 to suppress any 
unwanted harmonics in output signal 4434. 

It is noted that transmitter 4402 up-converts the input signal 4402 using an IF 
chain 443 6 that includes the first mixer 44 1 2, the amplifier 44 1 6, the SAW filter 4420, 
and the second mixer 4424. The IF chain 4436 up-converts the input signal to an IF 
frequency and does IF amplification and SAW filtering in order to meet the IS-95 
sidelobe and figure-of-merit specifications. This is done because conventional wisdom 
teaches that a CDMA baseband signal cannot be up-converted directly from baseband 
to RF, and still meet that the IS-95 linearity requirements. 

7.3.3 CDMA Transmitter Using the Present Invention 

For comparison, FIG. 45 A illustrates a CDMA transmitter 4500 according to 
embodiments of the present invention. The CDMA transmitter 4500 includes: the 
baseband processor 4404; the baseband filter 4408; the IQ modulator 3710 (from 
FIG. 37), the control signal generator 3442, the sub-harmonic oscillator 3446, the 
power amplifier 4428, and the filter 4432. The baseband processor 4404, baseband 
filter 4408, amplifier 4428, and band-select filter 4432 are the same as that used in the 
conventional transmitter 4402 in FIG.44. The difference is that the I Q modulator 
3710 in transmitter 4502 completely replaces the IF chain 4436 in the conventional 
transmitter 4402. The operation of the CDMA transmitter 4502 is described in detail 
as follows. 

The CDMA baseband processor 4404 receives an input signal 4502 and 
spreads the input signal using I and Q spreading codes, to generate an I signal 4504a 
and a Q signal 4504b. As will be understood, the I spreading code and Q spreading 
code can be different to improve isolation between the I and Q channels. 
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The baseband filter 4408 bandpass filters the I signal 4504a and the Q signal 
4504b to generate filtered I signal 4506a and filtered Q signal 4506b. As mentioned 
above, baseband filtering is done to improve sidelobe suppression in the CDMA 
output signal. 

FIGs. 45B- 45D illustrate the effect of the baseband filter 4408 on the I an Q 
inputs signals. FIG. 45B depicts multiple signal traces (over time) for the filtered I 
signal 4406a, and FIG. 45C depicts multiple signal traces for the filtered Q signal 
4406b. As shown, the signals 4506a,b can be described as having an "eyelid" shape 
having a thickness 4515. The thickness 4515 reflects the steepness of passband roll 
off of the baseband filter 4408. In other words, a relatively thick eyelid in the time 
domain reflects a steep passband roll off in the frequency domain, and results in lower 
sidelobes for the output CDMA signal. However, there is a tradeoff, because as the 
eyelids become thicker, then there is a higher probability that channel noise will cause 
a logic error during decoding at the receiver. The voltage rails 45 14 represent the +1/- 
1 logic states for the I and Q signals 4506, and correspond to the logic states in 
complex signal space as shown in FIG. 45D. 

The IQ modulator 3710 samples I and Q input signals in a differential and 
balanced fashion according to sub-harmonic clock signals 3423 and 3427, to generate 
a harmonically rich signal 4508. FIG 45E illustrates the harmonically rich signal 4508 
that includes multiple harmonic images 4516a-n that repeat at harmonics of the 
sampling frequency 1/T S . Each image 4516a-n is a spread spectrum signal that 
contains the necessary amplitude and frequency information to reconstruct the input 
baseband signal 4502. 

The amplifier 4428 amplifies the harmonically rich signal 4508 to generate an 
amplified harmonically rich signal 4510. 

Finally, the band-select filter 4432 selects the harmonic of interest from signal 
4510, to generate an CDMA output signal 4512 that meets IS-95 CDMA 
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specifications. This is represented by passband 45 1 8 selecting harmonic image 45 1 6b 
in FIG. 45E. 

An advantage of the CDMA transmitter 4500 in that the modulator 3710 up- 
converts a CDMA input signal directly from baseband to RF without any IF 
processing, and still meets the IS-95 sidelobe and figure-of-merit specifications. In 
other words, the modulator 3710 is sufficiently linear and efficient during the up- 
conversion process that no IF filtering or amplification is required to meet the IS-95 
requirements. Therefore, the entire IF chain 4436 can be replaced by the modulator 
3710, including the expensive SAW filter 4420. Since the SAW filter is eliminated, 
substantial portions of the transmitter 4502 can be integrated onto a single CMOS 
chip that uses a standard CMOS process. More specifically, the baseband processor 
4404, the baseband filter 4408, modulator 3710, oscillator 3446,and control signal 
generator 3442 can be integrated on a single CMOS chip, as illustrated by CMOS 
chip 4602 in FIG. 46. Additionally, it is noted that the CDMA transmitter only utilizes 
one LO clock, whereas conventional CDMA transmitter 4400 utilizes two LO clocks. 

FIG. 45F illustrates a transmitter 45 1 8 that is similar to transmitter 4500 (FIG. 
45A) except that modulator 6501 replaces the modulator 3710. Transmitter 4500 
operates similar to the transmitter 4500 and has all the same advantages of the 
transmitter 4500. 



As discussed above, the UFT-based modulator 3710 directly up-converts 
baseband CDMA signals to RF without any IF filtering, while maintaining the required 
figures-of-merit for IS-95. The modulator 3710 has been extensively tested in order 
to specifically determine the performance parameters when up-converting CDMA 
signals. The test system and measurement results are discussed as follows. The 
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following test and measurements results are presented for illustration only, and are not 
limiting. 

FIG. 47 illustrates an example test system 4700 that measures the performance 
of the modulator 3710 when up-converting CDMA baseband signals. The test system 
4700 includes: a Hewlett Packerd (HP) generator E4433B, attenuators 4702a and 
4702b, control signal generator 3442, UFT-based modulator 3710, amplifier/filter 
module 4704, cable/attenuator 4706, and HP 4406A test set. The HP generator 
E4433B generates I and Q CDMA baseband waveforms that meet the IS-95 test 
specifications. The waveforms are routed to the UFT-based modulator 3710 through 
the 8-dB attenuators 4702a and 4702b. The HP generator E4433B also generates the 
sub-harmonic clock signal 3445 that triggers the control signal generator 3442, where 
the sub-harmonic clock 3445 has a frequency of 279 MHZ. The modulator 3710 up- 
converts the I and Q baseband signals to generate harmonic rich signal 4703 having 
multiple harmonic images that represent the input baseband signal and repeat at the 
sampling frequency. The amplifier/filter module 4704 selects and amplifies the 3rd 
harmonic (of the 279 MHZ clock signal) in the signal 4703 to generate the signal 
4705 at 837 MHZ. The HP 4406 A test set accepts the signal 4705 for analysis 
through the cable/attenuator 4706. The HP 4406A measures CDMA modulation 
attributes including: Rho, EVM, phase error, amplitude error, output power, carrier 
insertion, and ACPR. In addition, the signal is demodulated and Walsh code 
correlation parameters are analyzed. Both forward and reverse links have been 
characterized using pilot, access, and traffic channels. For further illustration, FIGs. 
48-60 display the measurement results for the RF spectrum 4705 based on various 
base station and mobile waveforms that are generated by the HP E443B generator. 

FIGs. 48-49 summarize the performance parameters of the modulator 3710 
as measured by the test set 4700 for base station and mobile station input waveforms. 
For the base station, table 4802 includes lists performance parameters that were 
measured at a base station middle frequency and includes: Rho, EVM, phase error, 
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magnitude error, carrier insertion, and output power. It is noted that Rho= .997 for 
the base station middle frequency and exceeds the IS-95 requirement of Rho= 0.912. 
For the mobile station, FIG. 49 illustrates a table 4902 that lists performance 
parameters that were measured at low, middle, and high frequencies. It is noted that 
the Rho exceeds the IS-95 requirement (0.912) for each of the low, middle, high 
frequencies of the measured waveform. 

FIG. 50 illustrates a base station constellation 5002 measured during a pilot 
channel test. A signal constellation plots the various logic combinations for the I and 
Q signals in complex signal space, and is the raw data for determining the 
performance parameters (including Rho) that are listed in Table 48. The performance 
parameters (in table 48) are also indicated beside the constellation measurement 5002 
for convenience. Again, it is noted that Rho= 0.997 for this test. A value of 1 is 
perfect, and 0.912 is required by the IS-95 CDMA specification, although most 
manufactures strive for values greater than 0.94. This is a remarkable result since the 
modulator 3710 up-converts directly from baseband-to-RF without any IF filtering. 

FIG. 51 illustrates a base station sampled constellation 5102, and depicts the 
tight constellation samples that are associated with FIG. 50. The symmetry and 
sample scatter compactness are illustrative of the superior performance of the 
modulator 3710. 

FIG. 52 illustrates a mobile station constellation 5202 measured during an 
access channel test. As shown, Rho= 0.997 for the mobile station waveforms. 
Therefore, the modulator 3710 operates very well with conventional and offset shaped 
QPSK modulation schemes. 

FIG. 53 illustrates a mobile station sampled constellation 5302. Constellation 
5302 illustrates excellent symmetry for the constellation sample scatter diagram. 

FIG. 54 illustrates a base station constellation 5402 using only the HP test 
equipment. The modulator 3710 has been removed so that the base station signal 
travels only through the cables that connect the HP signal generator E4433B to the 
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HP 4406A test set. Therefore, constellation 5402 measures signal distortion caused 
by the test set components (including the cables and the attenuators). It is noted that 
Rho=0.9994 for this measurement using base station waveforms. Therefore, at least 
part of the minimal signal distortion that is indicated in FIGs. 50 and 51 is caused by 
the test set components, as would be expected by those skilled in the relevant arts. 

FIG. 55 illustrates a mobile station constellation 5502 using only the HP test 
equipment. As in FIG. 54, the modulator 3710 has been removed so that the mobile 
station signal travels only through the cables that connect the HP signal generator 
E4433B to the HP 4406 A test set. Therefore, constellation 5402 measures signal 
distortion caused by the test set components (including the cables and the 
attenuators). It is noted that Rho=0.9991 for this measurement using mobile station 
waveforms. Therefore, at least part of the signal distortion indicated in FIGs. 52 and 
53 is caused by the test set components, as would be expected. 

FIG. 56 illustrates a frequency spectrum 5602 of the signal 4705 with a base 
station input waveform. The frequency spectrum 5602 has a main lobe and two 
sidelobes, as expected for a CDMA spread spectrum signal. The adjacent channel 
power ratio (ACPR) measures the spectral energy at a particular frequency of the side 
lobes relative to the main lobe. As shown, the frequency spectrum 5602 has an 
ACPR--48.24 dBc and -62.18 dBcat offset frequencies of750KHzand 1.98 MHZ, 
respectively. The IS-95 ACPR requirement for a base station waveform is -45dBc and 
-60 dBc maximum, at the offset frequencies of 750 kHz and 1 .98 MHZ, respectively. 
Therefore, the modulator 3710 has more than 3dB and 2 dB of margin over the IS-95 
requirements for the 750 kHz and 1.98 MHZ offsets, respectively. 

FIG. 57 illustrates a histogram 5702 that corresponds to the spectrum plot in 
FIG. 56. The histogram 5702 illustrates the distribution of the spectral energy in the 
signal 4705 for a base station waveform. 

FIG. 58 illustrates a frequency spectrum 5802 of the signal 4705 with a mobile 
station input waveform. As shown, the ACPR measurement is -52.62 dBc and -60.96 
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dBc for frequency offsets of 885 kHz and 1 .98 MHZ, respectively. The IS-95 ACPR 
requirement for a mobile station waveform is approximately -42dBc and -54 dBc, 
respectively. Therefore, the modulator 3710 has over 10 dB and 6 dB of margin 
above the IS-95 requirements for the 885 kHz and 1.98 MHZ frequency offsets, 
respectively. 

FIG. 59 illustrates a histogram 5902 that corresponds to the mobile station 
spectrum plot in FIG.58. The histogram 5902 illustrates the distribution of the 
spectral energy in the signal 4705 for a mobile station waveform. 

FIG. 60A illustrates a histogram 6002 for crosstalk vs. CDMA channel with 
a base station input waveform. More specifically, the HP E4406A was utilized as a 
receiver to analyze the orthogonality of codes superimposed on the base station 
modulated spectrum. The HP E4406A demodulated the signal provided by the 
modulator/transmitter and determined the crosstalk to non-active CDMA channels. 
The pilot channel is in slot '0* and is the active code for this test. All non-active codes 
are suppressed in the demodulation process by greater than 40 dB. The IS-95 
requirement is 27 dB of suppression so that there is over 13 dB of margin. This 
implies that the modulator 3710 has excellent phase and amplitude linearity. 

In additions to the measurements described above, measurements were also 
conducted to obtain the timing and phase delays associated with a base station 
transmit signal composed of pilot and active channels. Delta measurements were 
extracted with the pilot signal as a reference. The delay and phase are -5.7 ns 
(absolute) and 7.5 milli radians, worst case. The standard requires less than 50 ns 
(absolute) and 50 milli radians, which the modulator 3710 exceeded with a large 
margin. 

The performance sensitivity of modulator 3710 was also measured over 
multiple parameter variations. More specifically, the performance sensitivity was 
measured vs. IQ input signal level variation and LO signal level variation, for both 
base station and mobile station modulation schemes. (LO signal level is the signal 
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level of the subharmonic clock 3445 in FIG. 47.) FIGs. 60B-O depict performance 
sensitivity of the modulator 3710 using the base station modulation scheme, and FIGs. 
60P-Z depict performance sensitivity using the mobile station modulation scheme. 
These plots reveal that the modulator 3710 is expected to enable good production 
yields since there is a large acceptable operating performance range for I/Q and LO 
peak to peak voltage inputs. The plots are described further as follows. 

FIG. 60B illustrates Rho vs. shaped IQ input signal level using base station 
modulation. 

FIG. 60C illustrates transmitted channel power vs. shaped IQ input signal level 
using base station modulation. 

FIG. 60D illustrates ACPR vs. shaped IQ Input signal level using base station 
modulation. 

FIG. 60E illustrates EVM and Magnitude error vs shaped IQ input level using 
base station modulation. 

FIG. 60F illustrates carrier feed thru vs. shaped IQ input signal level using 
base station modulation. 

FIG. 60G illustrates Rho vs. LO signal level using base station modulation. 

FIG. 60H illustrates transmitted channel power vs. LO signal level using base 
station modulation. 

FIG. 601 illustrates ACPR vs. LO signal level using base station modulation. 

FIG. 60J illustrates EVM and magnitude error vs LO signal level using base 
station modulation. 

FIG. 60K illustrates carrier feed thru vs. LO signal level using base station 
modulation. 

FIG. 60L illustrates carrier feed thru vs IQ input level over a wide range using 
base station modulation. 

FIG. 60M illustrates ACPR vs. shaped IQ input signal level using base station 
modulation. 
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FIG. 60N illustrates Rho vs. shaped IQ input signal level using base station 
modulation. 

FIG. 60O illustrates EVM, magnitude error, and phase error vs. shaped IQ 
input signal level using base station modulation. 

FIG. 60P illustrates Rho vs. shaped IQ input signal level using mobile station 
modulation. 

FIG. 60Q illustrates transmitted channel power vs. shaped IQ input signal level 
using mobile station modulation. 

FIG. 60R illustrates ACPR vs. shaped IQ Input signal level using mobile 
station modulation. 

FIG. 60S illustrates EVM, magnitude error, and phase error vs. shaped IQ 
input level using mobile station modulation. 

FIG. 60T illustrates carrier feed thru vs. shaped I Q input signal level using 
mobile station modulation. 

FIG. 60U illustrates Rho vs. LO signal level using mobile station modulation. 

FIG. 60V illustrates transmitted channel power vs. LO signal level using 
mobile station modulation. 

FIG. 60W illustrates ACPR vs. LO signal level using mobile station 
modulation. 

FIG. 60X illustrates EVM and magnitude error vs. LO signal level using 
mobile station modulation. 

FIG. 60Y illustrates carrier feed thru vs. LO signal level using mobile station 
modulation. 

FIG. 60Z illustrates an approximate power budget for a CDMA modulator 
based on the modulator 3710. 

Figures 60B-Z illustrates that the UFT-based complex modulator 3710 
comfortably exceeds the IS-95 transmitter performance requirements for both mobile 
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and base station modulation schemes. Power, parts, size, and cost of a CDMA 
transmitter can all be reduced since the modulator 3710 is a true zero IF architecture. 

Testing indicates that Rho as well as carrier feed through and ACPR are not 
overly sensitive to variations in I/Q levels and LO levels. Estimated power 
consumption for the modulator 3710 is lower than equivalent two-state 
superheterodyne architecture. This means that a practical UFT based CDMA 
transmitter can be implemented in bulk CMOS and efficiently produced in volume. 

The UFT architecture achieves the highest linearity per milliwatt of power 
consumed of any radio technology of which the inventors are aware. This efficiency 
comes without a performance penalty, and due to the inherent linearity of the UFT 
technology, several important performance parameters may actually be improved 
when compared to traditional transmitter techniques. 

Since the UFT technology can be implemented in standard CMOS, new 
system partitioning options are available that have not existed before. As an example, 
since the entire UFT-based modulator can be implemented in CMOS, it is plausible 
that the modulator and other transmitter functions can be integrated with the digital 
baseband processor, leaving only a few external components such as the final 
bandpass filter and the power amplifier. In addition to the UFT delivering the required 
linearity and dynamic range performance, the technology also has a high level of 
immunity to digital noise that would be found on the same substrate when integrated 
with other digital circuitry. This is a significant step towards enabling a complete 
wireless system-on-chip solution. 

& 0 Integrated Frequency Translation and Spreading/De-sp reading of a Spread 
Spectrum Signal 

The previous section focused on up-converting a spread spectrum signal 
directly from baseband-to-RF, without preforming any EF processing. In other words, 
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the baseband signal was already spread prior to up-conversion. The following 
discussion focuses on embodiments for performing the spreading function and the 
frequency translation function in a simultaneous and integrated manner. This includes 
simultaneous down-conversion and de-spreading of an RF spread spectrum signal, 
and also simultaneous up-conversion and spreading of a baseband signal. 

8.1 Integrated Down-Conversion and De-spreading of a Spread 
Spectrum Signal 

The present invention is directed to systems and methods of down-conversion 
and de-spreading of a spread spectrum signal, and applications of the same. One type 
of spread spectrum system is Code Division Multiple Access (CDMA). The present 
invention can be implemented in CDMA, and other spread spectrum systems as will 
be understood by those skilled in the arts based on the teachings herein. 

In particular, the present invention includes a unified down-converting and de- 
spreading (UDD) module that preforms down-conversion and de-spreading of a 
spread spectrum signal in a unified (i.e. integrated) manner to generate a down- 
conversion/de-spread baseband signal. In one embodiment, the present invention can 
be operated to improve energy transfer to the de-spread baseband signal, resulting in 
overall savings in power consumption and component count. Additional advantages 
of the present invention when compared to conventional spread spectrum systems 
include: (1) reduction (or elimination) of RF (front-end) gain prior to de-spreading 
without sacrificing signal sensitivity specifications; (2) the elimination of the IF 
circuitry; (3) the simplification of the de-spreading circuitry; and (4) lower power 
consumption that results from advantages (l)-(3). Further benefits are realized 
throughout the entire system by the ability to implement a lower clock speed for many 
baseband components including the analog-to-digital converter (A/D) and the digital 
signal processor (DSP). Furthermore, isolation and shielding requirements are 
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reduced (or eliminated) because multiple local oscillators and gain stages are 
eliminated. 

The present invention can be implemented in a CMOS Integrated Circuit (IC) 
architecture that is compatible with IS-95. The wideband capability of the CMOS IC 
coupled with a single low frequency, low power clock, allows for single or multi-band 
operation making it an excellent solution for spread spectrum applications using 900 
MHZ, 1.9 Ghz, and/or 2.5 Ghz operation, for example. 

FIG. 24K is a conceptual block diagram of a UDD module 2420 according to 
embodiments of the present invention. Conceptually, the UDD module 2420 includes 
a down-converter 2422 and de-spreader 2424 that operate in an integrated manner 
so that spread spectrum signal 2426 is simultaneously down-converted and de-spread, 
resulting in a de-spread baseband signal 2428. 

FIG. 25A illustrates a down-conversion and de-spreading (UDD) module 
2500 according to an embodiment of the present invention. UDD module 2500 
includes: code generator 2502; Binary Phase Shift Keying (BPSK) modulator 2506; 
oscillator 2510; pulse generator 2514; and universal frequency down-conversion 
(UFD) module 2518, where UFD module 2518 includes UFT module 2522. UDD 
module 2500 down-converts and de-spreads spread spectrum signal 2524 in a unified 
manner, resulting in a de-spread baseband signal 2526. 

The UDD module 2500 will be described using flowchart 2540 in FIG. 25C, 
and the signal diagrams shown in FIGs. 26A-F. The signal diagrams shown in FIGs. 
26A-F are meant for example purposes only and are not meant to limit the invention 
in any way. Furthermore, the sequence of steps in flowchart 2540 are not meant to 
limit the invention in any way, as those skilled in the art will recognize that some steps 
can be done simultaneously, and in a different order. UDD module 2500 operates as 
follows. 

In step 2542, UDD module 2500 accepts spread spectrum signal 2524. In 
embodiments, the spread spectrum signal 2524 is received over a communications 
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medium, and carries baseband information to be processed. FIG. 26 A illustrates an 
example spread spectrum signal 2602, which is an example of spread spectrum signal 
2524. Spread spectrum signal 2602 has an approximate center frequency of f c , as 
illustrated. 

In step 2544, oscillator 2510 generates an oscillating signal 2508 with a 
frequency approximately equal to f c /n; where, f c is the approximate center frequency 
of the spread spectrum signal 2524, and n represents a harmonic or subharmonic 
(n=.5, 1, 2, 3...) of the input spread spectrum signal 2524. FIG. 26B illustrates an 
oscillating signal 2604, which is an example of oscillating signal 2508. Oscillating 
signal 2604 has a characteristic frequency f c , where f c is the approximate center 
frequency of the spread spectrum signal 2602 as shown in FIG. 26 A. For n>l, n 
represents a sub-harmonic of the approximate center frequency of spread spectrum 
signal 2602. In other words, for n>l, example oscillating signal 2604 is a sub- 
harmonic of the example spread spectrum input signal 2602. 

In step 2546, the code generator 2502 generates a spreading code 2504. The 
spreading code 2504 can be any type spreading code including but not limited to: a 
PN code, a Walsh code, and a Gold code. Preferably, the spreading code corresponds 
to that carried by the spread spectrum signal 2524 so that the spread signal 2524 can 
be properly de-spread. Additionally, the "chip" rate of the spreading code 2504 is 
preferably substantially less than the characteristic frequency of the oscillating signal 
3 508. Alternatively, the chip rate is higher than the frequency of the oscillating signal 
2508. For illustration and not limitation, FIG. 26C illustrates as a spreading code 
2606, which is an example of a portion of the spreading code 2504. (For ease of 
illustration, FIG. 26C does not completely reflect relative frequency difference 
between spreading code 2606 and oscillating signal 2604.) 

In step 2548, BPSK modulator 2506 modulates oscillating signal 2508 with 
the spreading code 2504 to generate spread oscillating signal 25 12. Therefore, spread 
oscillating signal 2512 carries the spreading code 2504. BPSK modulators are well 
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known and available from multiple sources. Furthermore, other modulation schemes 
could be used to practice the present invention in a spread spectrum environment, as 
will be understood by those skilled in the relevant arts based on the teachings given 
herein. In other words, other modulation schemes could be used to modulate the 
oscillating signal with the spreading code. These other modulation schemes are within 
the scope and spirit of the present invention. 

FIG. 26D illustrates a spread oscillating signal 2608, which is an example of 
the spread oscillating signal 2512. Spread oscillating signal 2608 depicts the BPSK 
modulation of the oscillating signal 2604 by the spreading code 2606, where a phase 
change occurs in the spread oscillating signal 2608 to correspond with the transitions 
in the example spreading code 2606. 

In step 2550, pulse generator 25 14 generates a control signal 25 16 using the 
spread oscillating signal 2512. Control signal 2516 comprises a plurality of pulses that 
carry the spreading code 2504, and will be used by the UFD module 25 18 to control 
the UFT module 2522. The control signal 2516 has a frequency (or aliasing rate) 
determined by that of oscillating signal 2508, and is a harmonic or sub-harmonic of 
the input spread spectrum signal as stated above. In one embodiment, the control 
signal 2516 comprises a plurality of pulses having non-negligible apertures that are 
established to improve energy transfer to the de-spread baseband signal 2526. In an 
alternate embodiment, the pulse apertures are negligible. The pulse generator 2514 
will be described in further detail in a following discussion. 

FIG. 26E illustrates a control signal 2610, which is an example of control 
signal 2516. Control signal 2610 includes a plurality of pulses with a frequency 
determined by the example oscillating signal 2604. As illustrated, the pulses trigger 
on the rising edge of the example spread oscillating signal 2608. (However, a falling 
edge pulse generator could also be used.) The effect of the spreading code modulation 
on the control signal 2610 is to phase shift the pulses 2610 according to the spreading 
code 2606, as represented by the pulses 2616a, 2616b, and 2616c. In other words, 
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transitions in the spreading code 2606, cause the pulse generator 2514 to trigger 
earlier (or later) in time than it normally would without the spreading code, and 
therefore cause a phase shift in the example control signal 2610. Alternatively, the 
effect of the spreading code transitions on the control signal is to increase the pulse 
width of the pulses in the control signal, as illustrated by pulses 2620a-c in FIG. 26F. 

Still referring to FIG. 26E, the pulses in example control signal 2610 have 
non-negligible apertures that are established to improve energy transfer to the de- 
spread baseband signal 2526, as represented by the pulse width (also called an 
aperture) 2614. In embodiments, the aperture 2614 is fraction of a period associated 
with the input signal 2524. For example, in embodiments, the aperture 2614 is Vi of 
a period associated with the approximate center frequency f c of the input signal 2602. 
In an alternate embodiment, the aperture 2614 is negligible. 

In step 2552, UFD module 2518 down-converts and de-spreads the spread 
spectrum signal 2524 by controlling UFT module 2522 with the control signal 25 16, 
to generate de-spread baseband signal 2526. The down-conversion of an input signal 
using a UFD module and a control signal (also called an aliasing signal) was described 
earlier in the "frequency down-conversion" section of the application, and is described 
in co-pending U.S. Patent Application entitled "Method and System for Down- 
Converting Electromagnetic Signals," Serial Number, Ser. No. 09/176,022. UFD 
module 2518 de-spreads, as well as down-converts the input spread spectrum signal 
2524, because the control signal 2516 includes the appropriate spreading code 
information for effective de-spreading. 

Down-conversion and de-spreading using a UFD module is further illustrated 
in FIG. 25B, using UDD module 2501. UDD module 2501 is one embodiment of 
UDD module 2500, where the UFD module 2518 includes an aliasing module 2523. 
Aliasing module 2523 preferably includes UFT module 2522 and capacitor 2530. UFT 
module 2522 preferably includes a switch 2528 that is controlled by control signal 
2516. The down-conversion of an input signal using an aliasing module that utilizes 
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a controlled switch and a storage element (i.e. a capacitor) was described earlier in the 
"frequency down-conversion" section of this application, and is described in co- 
pending U.S. Patent Application entitled "Method and System for Down-Converting 
Electromagnetic Signals," Serial Number, Ser. No. 09/176,022, a summary of which 
follows. 

As described in Application No. 09/176,022, an aliasing module down- 
converts an input signal by undersampling the input signal at an aliasing rate of the 
control signal, where the charge transferred from the input signal is referred to as an 
undersample. The undersamples that result are stored in a storage element (such as 
a capacitor), and successive undersamples form a down-converted output signal. The 
aliasing rate of the control signal defines the frequency of the pulses in the control 
signal, and ultimately determines the sampling rate of the input signal. In embodiments 
of the invention, the aliasing rate is substantially equal to the frequency of the input 
signal, or substantially equal to a harmonic or subharmonic of the input signal. By 
operating at a sub-harmonic of the input signal, RF shielding requirements between 
the control signal and the input signal are reduced, as will be understood by those 
skilled the arts. 

Aliasing module 2523 in the UDD module 2501 de-spreads, as well as, down- 
converts input spread spectrum signal 2524 because the control signal 2516 (that 
controls switch 2528) has been modulated with the necessary spreading code to de- 
spread the spread spectrum signal 2524. In other words, the spreading code-enabled 
control signal 2516 controls the switch 2528 such that the spread spectrum signal 
2524 is sampled at occurrences of data. As such, step 2552 is illustrated in greater 
detail by steps 2554 and 2556 of FIG. 25D. In step 2554, the switch 2528 
undersamples the spread spectrum input signal 2524 using the spreading-code enabled 
control signal 2516. In step 2556, a storage element (capacitor 2530) stores the 
resulting undersamples, where successive undersamples form de-spread baseband 
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signal 2526. Therefore, the aliasing module 2523 de-spreads and down-converts an 
input spread spectrum signal in a simultaneous and unified manner. 

In an embodiment, the pulses in control signal 2516 have non-negligible 
apertures that are established to improve energy transfer to the de-spread baseband 
signal. This occurs because the aperture width (or pulse width) determines how long 
the switch 2528 is closed during undersampling, which affects the amount of energy 
transferred from the input spread spectrum signal 2524 to the de-spread baseband 
signal 2526. In other words, non-negligible amounts of energy are transferred from 
the spread spectrum signal to the de-spread baseband signal during the undersampling. 
In one embodiment, the pulse apertures are non-negligible and less than Vi the period 
associated with the approximate center frequency f c of the input spread spectrum 
signal. In a second embodiment, the pulse apertures are between Vi and Vi the period 
associated with approximate center frequency f c of the input spread spectrum signal 
2534. The pulse apertures can be any fraction of a period associated with the center 
frequency f c of the input baseband signal. In a third embodiment, the pulses in the 
control signal 2516 are approximately X A of a period associated with input spread 
spectrum signal 2524. In a fourth embodiment, the pulses in the control signal 2516 
incorporate matched filter concepts that are further described in co-pending U.S. 
Patent Application entitled, "Matched Filter Characteristics and Implementations of 
Universal Frequency Translation Method and Apparatus," Attorney docket no. 
1744.0920000. In other words, the pulses of the control signal 2516 can be shaped 
according to matched filter concepts in order to improve or maximize energy transfer 
to the baseband signal, as described in the above mentioned patent application. 

Based on the discussion above regarding energy transfer, step 2552 can be 
further described by steps 2558-2560 in FIG. 25H. In step 2558, the switch 2558 
transfers non-negligible amounts of energy from the received spread spectrum signal, 
according to the spread control signal. In step 2660, the storage module 2530 
integrates the non-negligible amounts of energy over multiple half cycles of the input 
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spread spectrum signal according to the spread control signal, resulting in the de- 
spread baseband signal. In an embodiment, the energy transfer and storage is done 
over a half cycles associated with the received spread spectrum signal according to 
the spread control. 

Additionally step 2552 can be described in terms of matched filter concepts 
as illustrated by steps 2562-2566 in FIG. 251. In step 2562, the matched 
filter/correlating operation is performed on an approximate half-cycle of the input 
spread spectrum signal. In step 2564, the result of the matched filter correlation is 
accumulated. In steps 2566, steps 2562 and 2564 are repeated over additional half 
cycles of the input spread spectrum signal. 

Additionally, step 2552 can be described terms of step 2568-2572 in FIG. 25 J. 
In step 2568, finite time integration operation is performed on the spread spectrum 
signal on an approximate half-cycle of the spread spectrums signal. In step 2570, the 
result of step 2568 is accumulated . In step 2572, the steps 2570 and 2572 are 
repeated over half cycles of the input spread spectrum signal. 

The embodiments discussed above in FIG. 25H-J are further described in co- 
pending US. patent application titled," Matched Filter Characterization and 
Implementation of Universal Frequency Translation Method and Apparatus," filed on 
3/9/00, Attorney Docket No. 1744.0920000. 

The present invention has multiple advantages over conventional spread 
spectrum de-spreading schemes. First, de-spreading and down-conversion are done 
simultaneously in an integrated manner such that front-end mixers that are used in 
conventional systems are eliminated. Second, the resulting de-spread signal exists at 
baseband, which eliminates the need for IF circuitry that is used in conventional 
systems. In other words, the input RF signal is directly down-converted to baseband 
without any IF processing. Third, the use of a control signal with non-negligible 
apertures improves the energy transfer to the de-spread baseband signal, which 
reduces or eliminates the need for any front-end RF amplification. Preferably, the 
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apertures are approximately Vi a period associated with the input spread spectrum 
signal. Fourth, the control signal may be operated at a frequency that is a sub- 
harmonic of the spread spectrum signal, reducing RF shielding requirements between 
the control signal and the input spread spectrum signal. Finally, the component count 
and power requirements are reduced when compared with conventional systems 
because the advantages listed above, which will lead to longer battery life in portable 
spread spectrum devices. 

De-spread baseband signal 2526 may be a modulated signal or an unmodulated 
signal. If it is a modulated signal, then preferably it is de-modulated to recover the 
useful voice/data that is carried, as will be understood by those skilled in the relevant 
arts. For example, in embodiments , a transmitter modulates user voice/data using 
QPSK, and then spreads the QPSK data signal using BPSK modulation. In this case, 
the de-spread baseband signal is preferably QPSK de-modulated to recover useful 
voice/data after it is de-spread, as will be understood by those skilled in the arts. The 
present invention can used with any number of modulation layers, and any type of 
modulation, including but not limited to AM, ASK, FM, FSK, PM, PSK, BPSK, 
QPSK, QAM, etc. 

Pulse generator 2514 will now be described in more detail. (Pulse generators 
may also be referred to as aperture generators, or pulse shapers) As discussed earlier, 
pulse generator 2514 receives spread oscillating signal 2512 and generates a control 
signal 2516 having a plurality of pulses that operate the switch in the UFD module 
2518. 

FIG 73 A-E illustrate example embodiments and signal diagrams for the pulse 
generator 2514. FIG. 73 A illustrates a pulse generator 7302. The pulse generator 
7302 generates pulses 7308 having a pulse width T A from an input signal 7304. 
Example input signal 7304 and pulses 7308 are depicted in FIGs 73B and 73C, 
respectively. The input signal 7304 can be any type of periodic signal, including, but 
not limited to, a sinusoid, a square wave, a saw-tooth wave etc. The pulse width (or 
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aperture) T A of the pulses 7308 is determined by the delay of the inverter 7306. The 
pulse generator 7302 also includes an optional inverter 7310, which is optionally 
added for polarity considerations as understood by those skilled in the arts. The 
example logic and implementation shown for the pulse generator 7302 is provided for 
illustrative purposes only, and is not limiting. The actual logic employed can take 
many forms. Additional examples of pulse generation logic are shown in FIGs. 73D 
and 73E. FIG. 73D illustrates a rising edge pulse generator 73 12 that triggers on the 
rising edge of input signal 7304. FIG. 73E illustrates a falling edge pulse generator 
73 16 that triggers on the falling edge of the input signal 7304. 

FIG. 25E illustrates a UDD module 2532, which is an example embodiment 
of the UDD module 2501(FIG. 25B), where the controlled switch 2528 in the UFT 
module is a field effect transistor (FET). More specifically, the controlled switch 
2528 is embodied as a FET 2534. The FET 2534 is oriented so that the gate is 
controlled by the control signal 25 16, and thereby the control signal 25 16 controls the 
FET conductance. The spread spectrum signal 2524 is received at the source of the 
FET 2534 and is sampled according to the spread control signal 25 16, to produce the 
de-spread baseband signal 2526 at the drain of the FET 2534. The source and drain 
orientation that is illustrated is not limiting, as the source and drains can be switched 
for most FETs. In other words, the spread spectrum signal 2524 can be received at 
the drain of the FET 2534, and the de-spread baseband signal 2526 can be taken from 
the source of the FET 2534, as will be understood by those skilled in the relevant arts. 

FIG. 25F illustrates an UDD module 2536, which is another example 
embodiment of the UDD module 2500. In UDD module 2536, the order of the 
controlled switch 2528 and the capacitor 2530 is reversed when compared to UDD 
module 2501. As, shown the controlled switch 2528 is in shunt configuration, and 
periodically shunts the signal 2527 to ground according to the control signal 2516. 



-112- 



FIG. 25G illustrates the FET configuration of the HDD module 2536, where the 
controlled switch 2528 is configured as a FET 2540. 

8.2 Integrated Down-conversion and De-spreading of an IQ Spread 
Spectrum Signal 

Spread spectrum signals are often transmitted in an in-phase (I) and 
quadrature (Q) format that represents two signals combined with a 90 degree phase- 
shift. FIG. 27 illustrates a unified down-conversion and de-spreading IQ module 
(UDDIQ) 2700 for an IQ spread spectrum signal. UDDIQ 2700 down-converts and 
de-spreads an IQ spread spectrum signal 2722 in a unified (integrated) manner, to 
generate a first de-spread baseband signal 2724 and a second de-spread baseband 
signal 2726. UDDIQ 2700 includes the following: Code generator 2702, BPSK 
modulator 2704, oscillator 2706, pulse generator 2708, power divider 2710, 
quadrature power dividers 2712, UFD modules 2714 and 2718. UFD module 2714 
includes UFT module 2716, and UFD module 2718 includes UFT module 2720. 
UDDIQ 2700 is described in reference to flowchart 7400 in FIG. 74A and FIG. 74B, 
and operates as follows. The order of the steps in the flowchart 7400 is not limiting, 
as will be understood by those skilled in the arts. 

In step 740 1 , the UDDIQ modulator 2700 receives the spread spectrum signal 

2722. 

In step 7402, the quadrature power divider 2712 divides the spread spectrum 
signal 2722 into an in-phase (I) spread spectrum signal 2713 and a quadrature (Q) 
spread spectrum signal 2717. The Q spread spectrum signal 2717 is 90 degrees out- 
of-phase relative to I spread spectrum signal 2713, as will be understood by those 
skilled in the arts. 

In step 7404, the oscillator 2706 generates an oscillating signal 2705 that has 
a characteristic frequency f^/n; where f c is the approximately the center frequency of 
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the spread spectrum signal 2722, and n represents a harmonic or subharmonic of 
spread spectrum signal 2722 (i.e. n= 5, 1, 2, 3). 

In step 7406, the code generator 2702 generates a spreading code 2703 that 
is appropriate for the spread spectrum signal 2722. In other words, the spreading code 
2703 corresponds to the spreading code used to generate the spread spectrum signal 
2722. The present invention will work with any type of spreading code, including but 
not limited to, PN codes, Walsh codes, and gold codes. 

In step 7408, theBPSK modulator 2704 modulates the oscillating signal 2705 
with the spreading code 2703 to generate a spread oscillating signal 2707. Other 
modulation schemes could be use to modulate the oscillating signal with the spreading 
code, as will be understood by those skilled in the arts based on the discussion herein. 

In step 7410, the pulse generator 2708 generates a spread control signal 2709 
which includes a plurality of pulses (pulse train) from the spread oscillating signal 
2707, which together includes the necessary spreading code information to de-spread 
the signal 2722. Various pulse generator embodiments where discussed in reference 
to FIGs. 73 A-E, to which the reader is referred for more detail. In one embodiment, 
the pulses in the spread control signal 2709 have non-negligible apertures that are 
established to improve energy transfer to the de-spread baseband signals. In other 
embodiments, the apertures are negligible. 

In step 7412, the power divider 2710 divides the spread control signal 2709 
into an (I) spread control signal 271 1 and a Q spread control signal 2713. In this 
embodiment, the I and Q spread control signals 2713 are in-phase, and any necessary 
quadrature phase-shift between the I and Q channels is achieved with the quadrature 
power divider 2712, as will be understood by those skilled in the relevant arts. 
Alternatively, the Q spread control signal 2713 could be phase-shifted by 90 degrees 
relative to the I spread control signal 271 1 to implement the quadrature phase shift 
between the I and Q channels, as will be understood by those skilled in the arts. 
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In step 7414, the UFD module 2714 down-converts and de-spreads I spread 
spectrum signal 2713 using the UFT module 2716, to generate a first de-spread 
baseband signal 2724. The down-conversion and de-spreading of the I spread 
spectrum signal by the UFD modules 2714 is similar to that described for the HDD 
2500, to which the reader is referred for further details. 

In step 7416, the UFD module 2718 down-converts and de-spreads the Q 
spread spectrum signal 2717 using the UFT module 2720, to generate a second de- 
spread baseband signal 2726. The down-conversion and de-spreading of the Q spread 
spectrum signal by the UFD module 271 8 is similar to that of described for the UDD 
2500, to which the reader is referred for further details. 

In embodiments, the first and second de-spread baseband signals 2724 and 
2726 are distinct baseband signals that are communicated over the same spectrum 
bandwidth by using the IQ modulation format. In a mobile phone environment, one 
signal can carry user information (e.g. voice or data) and the other signal can carry 
system control information (e.g. cell-to-cell handoff, frequency allocations, etc.). 
Alternatively, the two baseband signals can be time-multiplexed to effectively double 
the system data rate as will be understood by those skilled in the relevant arts. Thus, 
the UDDIQ module 2700 has all the advantages of the UDD module 2500, with the 
additional advantage of being able to send two information signals over the same 
spread spectrum bandwidth, which improves spectral efficiency. 

FIG. 75 illustrates a UDDIQ module 7500 according to embodiments of the 
invention. The UDDIQ 7500 is similar to UDDIQ 2700, with the exception that the 
I and Q channels have separate spreading code generators 2702a and 2702b. As such, 
the I spreading code 2703a and the Q spreading code 2703b can be different from 
each other, and therefore the isolation between the I and Q channels can be improved 
when compared to a system that utilizes a single spreading code system. As discussed 
above, the I spreading code 2703a and the Q spreading code 2703b can be any type 
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spreading code including but not limited to: a PN code, a Walsh code, and a Gold 
code. 

FIG. 76 illustrates a UDDIQ 7600 according to embodiments of the invention. 
The UDDIQ 7600 is similar to the UDDIQ 7500 with the exception that the 
quadrature power divider 2712 is replaced with an in-phase power divider 7602. The 
necessary 90 degree phase shift between the I and Q channels is achieved by phase 
shifting the oscillating signal 2705b using the 90 degree phase shifter 7604. As, such 
the control signal 2709b implements the 90 degree phase shift of the Q channel 
relative to the I channel during the sampling by the UFT module 2720. 

8.3 RAKE Receivers 

The present invention is directed at RAKE receivers to address multipath 
concerns in a spread spectrum environment. In particular, the present invention is 
directed at a RAKE receiver that utilizes a universal frequency down-conversion 
module (UFD) to down-convert and de-spread a spread spectrum signal in a unified 
(i.e. integrated) manner, where the UFD modulator contains a universal frequency 
translation (UFT) module. 

8.3.1 Introduction: Rake Receivers in Spread Spectrum 
Systems 

Spread spectrum systems often utilize RAKE receivers to compensate for 
multipath delay or dispersion, as described in, for example U.S. Patents 5,305,349, 
5,648,983, and 5,237,586, which are incorporated herein by reference in their 
entireties. 

In mobile communication systems, signals transmitted between base and 
mobile stations typically suffer from echo distortion or time dispersion, caused by, for 
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example, by signal reflections from large buildings or nearby mountain ranges. 
Multipath dispersion occurs when a signal proceeds to the receiver along not one, but 
many paths, so that the receiver hears many echoes having different and random 
varying delays and amplitudes. Thus, when multipath time dispersion is present in 
spread spectrum system, the receiver receives a composite signal of multiple versions 
of the transmitted symbol that have propagated along different paths (referred to as 
"rays"), some of which may have relative time delays of less than one symbol period. 

Each distinguishable "ray" has a certain relative time of arrival k T c seconds 
and spans N of the I and Q chip samples, since each signal image is an N-chip 
sequence in a traditional spread spectrum system. As a result of the multipath time 
dispersion^ the correlator outputs several smaller spikes rather than one large spike. 
Each ray that is received after the symbol period (i.e., if the time delay caused by a 
reflection exceeds one symbol period) appears as an uncorrected interfering signal 
that reduces the total capacity of the communication system. To direct optimally the 
transmitted symbols (bits), the spikes received must be combined in an appropriate 
way. 

Typically, this can be done by a RAKE receiver, which is so named because 
it "rakes" all the multipath contributions together. Various aspects of RAKE 
receivers are described in Price, R., et al., "A Communication Technique for 
Multipath Channels," Proc, IRE 46:555-570 (March 1958); Turin, G., "Introduction 
to Spread-Spectrum Anti-multipath Techniques and Their Application to Urban 
Digital Radio," Proc. IEEE 65:328-353 (March 1980); and Proakis, J., Digital 
Communications, 2nd ed., McGraw Hill, Inc. (1989), pp. 729-739. 

A RAKE receiver uses a form of diversity combining to collect the signal 
energy from the various received signal paths, i.e., the various signal rays. Diversity 
provides redundant communication channels so that when some channels fade, 
communication is still possible over non-fading channels. A spread spectrum RAKE 
receiver combats fading by detecting the echo signals individually using a correlation 
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method and adding them algebraically (with the same sign). Further, to avoid 
intersymbol interference, appropriate time delays are inserted between the respective 
detected echoes so that they fall into step again. 

An example of a multipath profile of a received composite signal is illustrated 
in FIG. 28 A. The ray that propagates along the shortest path arrives at a time T 0 with 
an amplitude Ao, and rays propagating along longer paths arrive at times T l5 T 2 , T 3 
with amplitudes A u A 2 , A 3 , respectively. For simplicity, some typical RAKE receivers 
assume that the time delays between the rays are a constant, i.e., T x = T 0 + dT, T 2 = 
T 0 + 2dT, and T 3 = T 0 + 3dT for the profile shown; the time delays (and amplitudes) 
are usually estimated from the received composite signal history. 

In one form of a RAKE receiver, correlations values of the signature sequence 
with the received signals at different time delays are passed through a delay line that 
is tapped at the expected time delay (dt), i.e., the expected time between receiving 
echoes. The outputs at the RAKE taps are then combined with appropriate weights. 
Such a receiver searches for the earliest ray by placing a tap at T 0 , and for a ray 
delayed by dt by placing a tap at T 0 +dt, and so forth. The RAKE tap outputs having 
significant energy are appropriately weighted and combined to maximize the received 
signal-to-noise-and-interference ratio. Thus, the total time delay of the delay line 
determines the amount of arrival time delay that can be searched. In one spread 
spectrum system, up to 128 microseconds (fisec) can be searched, corresponding to 
thirty-two chips, and the total time delay of the taps that can be combined is thirty- 
two usee, corresponding to an eight-chip window movable within the thirty-two-chip 
total delay. See FIG. 28H, for example, which is described in U.S. Patent 5,648,983. 

FIGs. 28B and 28C illustrate how manipulating the RAKE taps adapts the 
RAKE receiver to signals that have different delays. In FIG. 28B, eight taps, which 
are identified by the arrival times T 0 -T 7 , are provided, of which only the outputs of 
taps T 4 -T 7 are given non-zero weights W 4 -W 7 , respectively. In FIG. 28C, only the 
outputs of taps T 0 -T 3 are given non-zero weights W 0 -W 3 , respectively. When the 
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weights W 0 -W 3 are respectively the same as the weights W 4 -W 7 , the receiver is 
adapted to the same signal, but for a time of arrival T 0 rather than T 4 . In a "digital" 
RAKE, or DRAKE, receiver, the weights are either 0 or 1, as described in the paper 
by Turin cited above. 

A diagram of a conventional RAKE receiver using post-correlator, coherent 
combining of different rays is shown in FIG. 28D. A received radio signal is 
demodulated by, for example, mixing it with cosine and sine waveforms and filtering 
the signal in an RF receiver 2869, yielding I and Q chip samples. These chip samples 
are collected in a buffer memory that is composed of two buffers, 2870a, 2870b for 
the I, Q samples, respectively. As illustrated in FIG. 28D, the bottom of each buffer 
2870a, 2870b contains the most recent received chip samples. 

A multiplexer 2872 receives the buffered chip samples, and sends a range of 
I chip samples and the corresponding range of Q chip samples to complex correlators 
2874a, 2874b. The range selected includes N samples corresponding to the N-chip 
sequence arriving at a certain time. For example, if the buffers 2870a, 2870b each 
contain 159 chip samples (numbered 0-158) andN is 128, then the multiplexer 2872 
would send chip samples numbered i through (i+127) from the I buffer 2870a, and 
chip samples numbered i through (i+127) from the Q buffer 2870b to the correlator 
2874a, where i is the discrete time index of the signal rays from when the buffers were 
first filled. Two different sets of chip samples, i.e., two different received sample 
ranges and hence a different signal ray, are provided by the multiplexer 2872a to the 
correlator 2874b. A complex correlation value is formed by each correlator 2874a, 
2874b that correlates its two sets of signal samples I, Q to the known signature 
sequence, or spreading code. Of course, the multiplexer 2872 can provide the 
received samples either serially or in parallel. 

In general, a complex correlator correlates a complex input stream (I+jQ 
samples) to a complex known sequence, producing a complex correlation value. If 
the signature sequence is not complex, each complex correlator can be implemented 



-119- 



in two scalar correlators in parallel, which may be defined as a "half-complex" 
correlator. If the signature sequence is complex, the complex correlators correlate 
a complex input to a complex sequence, giving rise to "full-complex" correlations. 
It is to be understood that the term "complex correlator" will be used hereinafter to 
refer to both of the aforementioned scenarios. 

Following correlation, the complex correlation values are transmitted to 
complex multipliers 2876a,2876b that multiply the correlation values by the complex 
weights that each consist of a real part and an imaginary part. Typically, only the real 
parts of the products of the complex correlation values and weights are sent to an 
accumulator 2878, which sums the weighted correlations for all the signal rays 
processed. The accumulated result is sent to a threshold device 2880, which detects 
a binary "0" if the input is greater than a threshold, or a binary "1" if the input is less 
than the threshold. 

FIG. 28E illustrates a parallel approach. A data buffer 2882 stores 
consecutive time samples, X(n), of the received signal, and a multiplexer 2884 selects 
a range of N data values, {x(k), X(k+1), . . . X(k+N-1)}, which are sent to a 
correlator . A group of multipliers 2888, which corresponds to the inputs to the 
correlator 2886, multiples the data values by corresponding spreading code sequence 
values C(0), C(l), . . . C(N- 1). The products are summed by an adder 2890 to form 
the correlation value R(k). 

FIG. 28F illustrates serially accessing the input range to compute R(k). An 
input buffer stores the received data samples. The buffer 2891 may be only one 
sample long because only one sample will be correlated at a time. If the buffer 2891 
is more than one sample long, a multiplexer 2892 would be provided to select a 
particular sample, X(k+i), where i is determined by a suitable control processor 2893 . 
The sample stored or selected is sent to a correlator 2894, which computes the 
product of the sample X(k+i) with one element, C(i), of the code sequence using a 
multiplier 2895. This product is combined, in an adder 2896, with the contents of an 
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accumulator 2897 that stores accumulated past products. The contents of the 
accumulator 2897 is originally set to zero, and i is stepped from 0 to N- 1, allowing 
the accumulation of N products. After N products have been accumulated, the 
contents of the accumulator 2897 is output as the correlation value R(k). 

FIG. 28G illustrates the general arrangement of a non-coherent RAKE 
receiver 2860 for a system using a traditional spread spectrum with direct spreading. 
In RAKE receiver 2860, the tap weights are either 0 or 1, which means simply that 
the correlation value from a particular tap is either added to a total or not, also, in a 
non-coherent RAKE, the square magnitudes of the selected correlation values are 
summed, which obviates the need to align them in phase before summing. 
Accordingly, the weights can be applied either before or after the square magnitudes 
are determined. The main difference from the coherent receiver shown in FIG. 28D 
is that the set of complex multipliers 2876 (FIG. 28D) that apply the complex weights 
to respective complex correlation values are replaced by a squared-magnitude 
processor 2861 followed by weighting with 0 or 1 in a weight processor 2862. 

In FIG. 28G, a suitable receiver/digitizer 2863 amplifies, filters, demodulates, 
analog-to-digital converts, and finally buffers the in-phase and quadrature components 
of the received composite radio signal into streams of complex digital samples I, Q. 
The sample streams I, Q are processed by a set 2864 of correlators that compute the 
values of correlations of the sequence of signal samples with shifts of the receivers 
spreading code sequence that are generated by respective ones of a set of local code 
generators. Of course, one code generator and suitable components for shifting the 
generators code sequence can be used instead. For a multipath profile such as that 
sown in FIG. 28 A, the set of correlators 2864 could comprise four correlators, one 
for each of four shifts of the spreading code, and the shifts of each code sequence 
would ideally correspond to the arrival times T 0 -T 3 . It will be understood that the 
signal sample streams I, Q may be processed whether serially or initially collected in 
a memory and provided in parallel to the correlators. 
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Because the code sequences are typically only real-valued, either scalar 
correlators can separately operate on the I, Q samples or half-complex correlators can 
simultaneously compute the correlations of the I, Q samples with the code sequence 
shifts. In addition the correlation values may be averaged over a number of 
transmitted symbols to determine an average signal strength for the decoded signal. 
The squared magnitudes of the four complex correlation values for the four shifts of 
the spreading code are then computed from the in-phase (real part) and quadrature 
(imaginary part) component samples by the squared-magnitude processor 2861. 

The RAKE multiplicative weighting coefficients are applied by the weight 
processor 2862 to the squared magnitudes of the correlation values. Because in a 
RAKE receiver the weights are only 0 or 1, processor 2862 can also be regarded as 
a tap selection device. The four weighted magnitudes for the shifts of the spreading 
code are then combined by an adder 2865. It will be appreciated that more or fewer 
than four shifts of each spreading code may be processed to handle other multipath 
profiles. Setting selected ones of the weights to zero in a RAKE receiver eliminates 
the contribution of the respective correlation magnitudes from the output for the 
adder 2865, and thus can be used to ignore rays that may have been deemed rarely to 
contain significant signal energy. 

The sum of the weighted correlation magnitudes for the spreading code is 
provided to a comparative device 2866 for identifying the transmitted symbol. For 
a communication system employing block codes as spreading code sequences, the set 
2864 of correlators would advantageously include a sufficient number of correlators 
to process simultaneously all code sequences and their shifts, which would be 
produced by the local code generators. A set of a squared-magnitude processor, a 
weight processor, and an adder would be provided for each different spreading code 
sequence. The outputs of the adders for the set of spreading codes would be 
provided to the comparator device 2866. 
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For a system using block codes, the output of the comparator device 2866 is 
an index value representing the spreading code that produced the largest adder 
output. In a system using 128 Walsh-Hadamard orthogonal spreading codes, the 
comparator device 2866 examines 128 adder outputs, yielding seven bits of 
information. Walsh-Hadamard codes are advantageous because a Fast Walsh 
Transform (FWT) processor, such as that described in U.S. Patent 5,357,454, can 
produce the 128 correlations for each shift of the spreading codes very rapidly. The 
comparator device 2866 can advantageously be implemented by the maximum search 
processor described in U. S. Patent 5, 1 87,675 . The above-cited patents are expressly 
incorporated herein by reference in their entireties. 

In a coherent RAKE receiver, the complex weights scale the correlation values 
to maximize the overall signal-to-noise-and-interference ratio, and bring them in to 
phase so that they are coherently added by the accumulator 2878 (FIG. 28F). Each 
complex weight is optimal when it is the complex conjugate of the mean of its 
respective correlation value. It will be understood that the very concept of "mean 
value" implies that the underlying correlation value is static and only varies due to 
additive noise. Since at least the phase of each correlation (i.e., Rq(k)) varies due to 
relative motion between the receiver and transmitter, a device such as a phase-locked 
loop is usually used to track correlation variations in order to maintain the correct 
weight angle. In addition, the magnitudes of the complex weights should also track 
correlation value variations due to varying signal-reflection characteristics of the 
objects causing the echoes. 

In a spread spectrum system using 128 Walsh-Hadamard orthogonal spreading 
codes, a non-coherent RAKE receiver expecting a four-signal multipath profile 
requires 1 024 squaring computations to develop the squared magnitudes from the real 
and imaginary parts of the correlation values and 512 multiplications to apply the 
weights. For such a system and profile, a coherent RAKE receiver requires at least 
2048 multiplications to apply the complex weights to the correlation values. From a 
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processor hardware point of view, multiplication is generally more difficult than 
squaring because multiplication involves two input arguments rather than one. 
Therefore, a coherent RAKE receiver is typically more complicated than a non- 
coherent RAKE receiver. 

8.3.2 RAKE Receivers Utilizing a Universal Frequency Down- 
Conversion (UFD) Module 

The present invention is directed at a RAKE receiver that utilizes one or more 
universal frequency down-conversion (UFD) modules to down-convert and de-spread 
a spread spectrum signal in a unified (i.e. integrated) manner. 

FIG. 281 illustrates a RAKE receiver 2800 according to an embodiment of the 
present invention. Rake receiver 2800 includes: an M-way divider 2816, diversity 
branches 2801a-m, multiplexer 2820, A/D converter 2822, and DSP 2824. Each 
diversity branch 2801 includes: a correlator 2808, pulse generator 2804, BPSK 
modulator 2805, oscillator 2802, and PN generator 2806. Each correlator 2808 
includes: UFD module 2810, summer 2814, where each UFD module includes aUFT 
module 2812. RAKE receiver 2800 operation occurs as follows. 

RAKE receiver 2800 receives spread spectrum signal 2818 that may contain 
multipath effects. M-way divider 2816 divides spread spectrum signal 2818 into m- 
number of spread spectrum signals 28 1 5a-m that are sent to diversity branches 280 1 a- 
m, one signal 2815 for each branch 2801. 

Each diversity branch 2801 receives a spread spectrum signal 2815 and 
generates an accumulated output value 2819 that reflects the relative correlation 
between the received spread spectrum signal and the local PN code used by the 
diversity branch 2801. The operation of diversity branch 2801a is described as 
follows, and is representative of the other diversity branches 2801b-m. 
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Oscillator 2802 generates an oscillating signal that has a characteristic 
frequency fc/n; where f c is the approximate center frequency of the input spread 
spectrum signal, and n represents a harmonic or subharmonic (n= 5, 1,2,3...). PN 
generator 2806 generates a PN code under the direction of DSP 2824. BPSK 
modulator 2805 modulates the oscillating signal with the PN code, resulting in a 
BPSK modulated signal that carries the PN code information. Pulse generator 2804 
receives the BPSK modulated signal, and generates a control signal including a 
plurality of pulses that contain the PN-code information. In one embodiment, the 
apertures associated with the control signal pulses are non-negligible and are 
established to improve energy transfer, as shown in FIG. 26E and the related 
discussion. In other embodiments, the apertures are negligible. Pulse generator 2804 
sends the control signal to the correlator 2808, and specifically to the UFD module 
2810. 

UFD module 2810 receives the control signal (with PN code information) 
from the pulse generator 2804, and also receives the input spread spectrum signal 
2815 from the M-way divider 2816. UFD module 2810 down-converts and de- 
spreads the spread spectrum signal 2815 in a unified manner. As discussed earlier, 
UFD module 28 10 samples the spread spectrum signal utilizing the control signal and 
the UFT module 2812 (switch) to generate a de-spread baseband signal that is sent 
to summer 2814. More specifically, a controlled switch in the UFT module samples 
the input spread spectrum signal 2815 according to the spread control signal, to 
generate the de-spread baseband signal. Summer 2814 sums the magnitude of the 
baseband signal over the length of a PN code string to generate an accumulated 
output value 2819. The accumulated output value is representative of how well the 
local PN generator 2806 is correlated with the input spread spectrum signal. The 
higher the accumulated output value, the closer the PN code generator 2806 is 
correlated with the incoming spread spectrum signal. In one embodiment, the summer 
2814 is an op amp configured to have a relatively slow time constant. 
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Each diversity branch 28 1 Oa-m sends its respective output accumulation value 
2819 to the multiplexer 2820. Multiplexer 2820 multiplexes the output accumulation 
values from the multiple diversity branches, and sends the multiplexed accumulation 
signal to A/D converter 2822. A/D converter 2822 digitizes the multiplexed 
accumulation signal and sends them to DSP 2824. DSP 2824 evaluates the relative 
accumulation values 2819 for each diversity branch 2801. If a threshold level is 
reached by one or more of the diversity branches, then there is sufficient PN code 
correlation to receive user data/voice through those diversity branches that exceed the 
threshold value. The de-spread baseband signal can be taken directly from the 
respective UFD module 2810, as represented by the output signal 2825 in FIG. 28 J. 
The DSP 2824 preferably rejects (or corrects) multi-path effects that impact PN 
correlation of one or more diversity branches. Furthermore, the DSP 2824 can adjust 
(e.g. frequency or phase-shift) the PN codes generated by one or code generators 
2806 to improve correlation with the respective input spread spectrum signals 281 5, 
as will be understood by those skilled in the arts based on the teachings herein. 

As will be apparent, a larger number of diversity branches 2801 improves the 
correlation capability of the RAKE receiver. The present invention (of using a UFD 
module in the correlator) leads to lower component count and reduced power 
consumption when compared to conventional de-spreading systems. The power 
savings can be used to increase the number of diversity branches and improve overall 
correlation and acquisition speed. As discussed earlier, the power savings occur 
because the down-conversion and de-spreading of the input spread spectrum signal 
is accomplished in a unified manner, by sampling the spread spectrum signal using a 
UFT module controlled by a PN-modulated control signal. Further spectral 
efficiencies can be achieved if the pulses in the control signal are non-negligible, and 
established to improve energy transfer to the de-spread baseband signal. 

Based on the forgoing discussion with respect to rake receiver 2800 in FIG. 
281, those 
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skilled in the arts will recognize how to implement a UDF module in the RAKE 
receiver embodiments shown in FIGs. 28A-H. 

Furthermore, the present invention can be implemented in hardware, software, 
and firmware, as will be understood by those skilled in the relevant arts. For example, 
the operations of the multiplexer 2820, and the DSP 2824 can be implemented in 
software as will be understood by those skilled in the relevant arts based on the 
discussion herein. 

8.4 Early/Late Spread Spectrum Receiver 

An Early/Late spread spectrum receiver operates similar to the RAKE 
receiver. The difference being that three PN-code sequences (On-time, Early, and 
Late) are used to de-spread the spread spectrum signal during synchronization of the 
PN-code with the input spread spectrum signal. Other chip delay times could be used 
as will be understood by those skilled in the arts. The On-Time, Early, and Late PN- 
code sequences are defined as follows. The On-Time PN code is a reference to define 
the Early and Late PN code sequences; where the Early PN code sequence "leads" the 
On-Time PN code by preferably Vi chip in time, and the Late PN code sequence 
"lags" the On-Time PN code by preferably X A chip in time. Other chip delay times 
could be used as will be understood by those skilled in the arts. The use of three PN 
codes shifted in time results in a faster acquisition during PN code synchronization 
because three phase-shifted code sequences are implemented in rapid succession, as 
will be shown below. 

FIG. 29 illustrates an Early/Late I Q spread spectrum receiver 2900 using 
multiple UFD modules, according to one embodiment of the present invention. 
Early/Late receiver 2900 includes: (optional) amplifier 2910; in-phase power divider 
2912; UFD modules 2914, 2926; MUX 2918; PN Generator 2920; A/D converter 
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2922; DSP 2924; (optional) amplifiers 2902, 2906; filter 2904, PLL 2938, and DAC 
2940. Early/Late receiver 2900 initial synchronization operates as follows. 

Power divider 2912 receives the spread spectrum signal 2908 and splits it into 
an in-phase (I) signal and quadrature (Q) signal, where the I signal is sent to UFD 
module 2914, and the Q signal is sent to UFD module 2926. PN Generator 2920 
generates 3 PN code sequences: Early, On-Time, and Late. As stated above, the On- 
Time PN code sequence is a reference for the Early and Late PN code sequences. The 
Early PN code sequence leads the On-Time PN code sequence by Vi a chip, and the 
Late PN code sequence lags by Vi chip. MUX 2918 multiplexes each three PN code 
sequences together to generate a control signal for the UFD module 2914. (It is 
assumed that any necessary pulse shaping or pulse generation is done by the PN 
generator 2920). In other words, the PN generator 2920 generates pulses (or chips) 
that carry the respective PN codes, and have apertures that are established to improve 
energy transfer to the de-spread baseband signals. In embodiments, the apertures are 
approximately X A a period associated with the frequency of the spread spectrum input 
signal 2908. 

The control signal (with Early, On-time, Late PN code information) controls 
the sampling by UFT module 2916 of the spread spectrum input signal, and down- 
converts and de-spreads the spread spectrum input signal in a unified manner. The 
effect of time-multiplexing the Early, On-time, and Late PN codes is to generate a de- 
spread baseband signal with an amplitude that varies over time. The DSP 2924 keeps 
track of the time order of the three PN codes, and evaluates the amplitude of each de- 
spread baseband signal for the time period associated with each PN code. The DSP 
can then select the PN code that produces the highest amplitude, and thus has the 
closest synchronization to the input spread spectrum signal. If none of the Early, On- 
Time, or Late PN codes meet a threshold level of synchronization, then the DSP 2924 
can frequency and/or phase shift the PN codes to improve synchronization. After 
sufficient synchronization is achieved, then both I and Q channels can be used to de- 



# • 

-128- 

spread user voice/data using UFD modules, as has been described previously. 
Amplifiers 2902, 2906, and filter 2904 provide some optional baseband processing for 
the output baseband signals 2942 and 2944, as will be understood by those skilled in 
the arts. 

Early/Late receiver 2900 implements the Early, On-time, and Late PN code 
multiplexing in the I channel only, as is shown in FIG. 29. In contrast, FIG. 30 
illustrates Early/Late receiver 3000, which implements the Early, On-time, and Late 
code multiplexing on both the I channel and the Q channel, in parallel, using a 
quadrature power divider 3004 in a PN generator 3002. This will provide for even 
faster synchronization when compared with the Early/Late receiver 2900, because 
both the I channel and the Q channel can be used to synchronize the PN code to the 
incoming spread spectrum signal. 

8.5 Integrated Up-Conversion and Spreading of a Spread Spectrum 
Signal 

The present invention is directed at systems and methods of simultaneous up- 
conversion and spreading of a baseband signal, and applications of the same. One 
type of spread spectrum system is Code Division Multiple Access (CDMA). The 
present invention can be implemented in CDMA, and other spread spectrum systems 
as will be understood by those skilled in the arts based on the teachings herein. 

In particular, the present invention includes a unified up-conversion and 
spreading (UUS) module that preforms up-conversion and spreading of a baseband 
signal to generate a spread spectrum signal in a unified (i.e. integrated) manner. In 
other words, the UUS module up-converts and spreads a baseband signal in a single 
step to generate a spread spectrum signal that exists at a higher frequency. The UUS 
module utilizes the universal frequency translation (UFT) module that was discussed 
above in relation to unified down-conversion and de-spreading. The advantages of the 
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UUS module when compared to conventional systems are lower component count, 
and reduced power requirements. Furthermore, the present invention can be 
implemented in a CMOS Integrated Circuit (IC) architecture. 

FIG. 3 1 A illustrates unified up-conversion and spreading (UUS) module 3 1 00 
according to one embodiment of the present invention. UUS module 3100 receives 
a baseband signal 3 124 and generates an up-converted spread spectrum signal 3 126. 
UUS module 3100 includes: PN generator 3102, BPSK modulator 3104, pulse 
generator 3 108, oscillator 3 106, and UFU module 3101. UFU module 3101 includes 
switch module 3110, and filter module 3118. Switch module 3110 includes (optional) 
resistor 3112, and UFT module 3114, which includes controlled switch 3116. UUS 
module 3100 is described in reference to flowchart 7700 that is shown FIG. 77, and 
operates as follows. 

In step 7701, the UUS module 3 100 receives the input baseband signal 3 124. 

In step 7702, the oscillator 3106 generates an oscillating signal 3107 with a 
frequency of f 0 . In embodiments, the frequency of the oscillating signal is a sub- 
harmonic of the desired frequency of the spread spectrum output signal 3 126. 

In step 7704, the spreading code generator 3102 generates appropriate 
spreading code 3103. The present invention can be implemented with any type of 
spreading code including, but not limited to PN codes, Gold codes, and Walsh codes. 

In step 7706, the BPSK modulator 3 1 04 modulates the oscillating signal 3 1 07 
with the spreading code 3103, to generate a spread oscillating signal 3105. Other 
types of modulation schemes could be used as will be understood by those skilled in 
the relevant arts. 

In step 7708, the pulse generator 3108 accepts the spread oscillating signal 
3105 and generates a control signal 3109 that contains the spreading code 
information. In one embodiment, the control signal 3109 comprises a plurality of 
pulses, where the pulse width determines the relative amplitude of the frequency 
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harmonics in a harmonically rich signal 3 1 1 7. In other words, the narrower the pulses, 
the more energy resides in the higher frequency harmonics compared with the lower 
frequency harmonics. According to an embodiment of the invention, the pulse width 
may be shaped to ensure that the amplitude of the desired harmonic in signal 3 1 17 is 
sufficient for its intended use (e.g. transmission), as will be discussed below. 

In step 77 1 0, the UFT module 3114 receives baseband signal 3 1 24 and control 
signal 3109 (with PN code information). UFT module 3114 gates (or samples) 
baseband signal 3124 with switch 3116 as determined by control signal 3109, to 
generate a harmonically rich signal 3117. FIG. 3 IB illustrates the harmonically rich 
signal 3117 that includes multiple harmonic images 3 128a-n that repeat at harmonics 
of the sampling frequency f 0 . Each image 3128 is a spread spectrum signal that 
contains the necessary amplitude, frequency, and phase information to reconstruct the 
input baseband signal 3124. 

As stated above, the relative amplitude for each harmonic 3 128 in the spread 
spectrum signal 3 1 17 can be tuned by adjusting the pulse widths of the pulses in the 
control signal 3109. In other words, the pulse widths are established to improve 
energy transfer to a desired harmonic of interest. More specifically, narrowing the 
pulse width shifts energy into the higher frequency harmonics, and widening the 
pulses shifts energy into the lower frequency harmonics. In embodiments, the pulse 
width is adjusted so as to be Vi of a period of the harmonic of interest. For example, 
if the desired frequency of the output signal 3 126 is 1 Ghz, then the pulse width of the 
pulses can be selected as 500 psec, which is Vi of a period of 1 Ghz. This can be 
restated as setting the pulse width to be n radians at the harmonic of interest. The 
generation of a harmonically rich signal by gating (or sampling) a baseband signal is 
further described in section 3 herein, and is also described in co-pending U.S. patent 
application titled, " Method and System for Frequency Up-conversion," Ser. No. 
09/176,154, filed on October 21, 1998. Additionally, matched filter concepts can 
incorporated as described in pending U.S. patent application titled, "Matched Filter 
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Characterization and Implementation ofUniversal Frequency Translation Method and 
Apparatus," filed on 3/9/00, Attorney Docket No. 1744.0920000. 

In step 7712, the filter module 3118 selects a desired harmonic for 
transmission. As shown, the filter module 3118 is implemented as tank circuit 
containing the capacitor 3 120 and the inductor 3 122. Other filter configuration could 
be used as will be understood by those skilled in the arts based on the discussion 
herein. Additionally, the selection of a harmonic from the harmonically rich signal 
3 126 is represented as a passband 3130 selecting the harmonic 3 128c in FIG. 3 IB. 

The advantage of the UUS module 3100 is that it performs simultaneous 
spreading and up-conversion of a baseband signal. This is accomplished sampling the 
baseband signal according to a periodic control that carries the spreading code. 
Furthermore, by adjusting pulse width of the control signal, energy can shifted into 
a desired harmonic (or harmonics) of the harmonically rich signal 3117. 

8.6 Integrated Up-Conversion and Spreading of Two Baseband 
signals to Generate an IQ Spread Spectrum Signal 

As stated above, spread spectrum systems are often transmitted in an IQ 
format that represents two signals combined with a 90 degree phase shift. FIG. 32 
illustrates a unified up-conversion and spreading (UUSIQ) module 3200 for IQ spread 
spectrum signals. UUSIQ module 3200 up-converts and spreads two baseband signals 
3212 and 3220 in a unified manner, to generate an IQ spread spectrum signal 3226. 
Baseband signals 3212 and 3220 can be un-modulated signals, or modulated signals. 
For example, in IS-95, user voice/data signals are QPSK modulated prior to being 
spread with the PN code. The present invention can be used with one or more 
modulation layers, that use any type of modulation scheme including QPSK. UUSIQ 
module 3200 includes the following: code generator 3202; BPSK modulator 3204; 
oscillator 3206; pulse generator 3208; quadrature power divider 3210; UFU modules 
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3214, and 3222; and power combiner 3218. Each UFU module 3214 and 3222 
contains a UFT module 3216 and 3224, respectively. UUSIQ module 3200 is 
described in reference to a flowchart 7800 that is shown in FIG. 78, and operates as 
follows. The steps in the flowchart 7800 can be rearranged as will be understood by 
those skilled in the arts. 

In step 7801, the UUSIQ modulator 3200 receives the first baseband signal 
3212 and the second baseband signal 3220. 

In step 7802, the oscillator 3206 generates an oscillating signal 3105 with a 
frequency of f 0 . In embodiments, the frequency of the oscillating signal is a sub- 
harmonic of the desired frequency of the spread spectrum output signal 3226. 

In step 7804, the spreading code generator 3202 generates appropriate 
spreading code 3203. The present invention can be implemented with any type of 
spreading code including, but not limited to PN codes, Gold codes, and Walsh codes. 

In step 7806, the BPSK modulator 3204 modulates the oscillating signal 3205 
with the spreading code 3203, to generate a spread oscillating signal 3207. Other 
types of modulation schemes could be used as will be understood by those skilled in 
the relevant arts. 

In step 7808, the pulse generator 3208 accepts the spread oscillating signal 
3207 and generates a control signal 3209 that contains the spreading code 
information. In one embodiment, the control signal 3209 comprises a plurality of 
pulses, where the pulse width determines the relative amplitude of the frequency 
harmonics in a harmonically rich signal 3 1 1 7. In other words, the narrower the pulses, 
the more energy resides in the higher frequency harmonics compared with the lower 
frequency harmonics. According to an embodiment of the invention, the pulse width 
may be shaped to ensure that the amplitude of the desired harmonic in signal 3 1 17 is 
sufficient for its intended use (e.g. transmission), as will be discussed below. 
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In step 7810, the quadrature power divider 3210 divides the spread control 
signal 3209 into an (I) spread control signal 321 1 and a Q spread control signal 3213. 
In this embodiment, the Q spread control signal 3213 is phase shifted by 90 degrees 
relative to the I control signal 321 1 to implement the quadrature phase shift between 
the I and Q channels. Alternatively, the phase shift can be implemented using the 
power divider 3218. 

In step 7812, the UFU module 3214 receives I-control signal 321 1 and first 
baseband signal 3212. UFU module 3214 up-converts and spreads the first baseband 
signal 3212 in a unified manner using the UFT module 3216. More specifically, the 
UFT module 3216 samples the first baseband signal 3212 according to the I-control 
signal 321 1, to generate an I-harmonically rich 3332. The I-harmonically rich signal 
3332 includes harmonics that are spread spectrum signals and repeat at the sampling 
frequency f 0 . Each harmonic contains the necessary amplitude, frequency, and phase 
information to reconstruct the baseband signal 3212. Up-conversion and spreading 
of a baseband signal using UFU (and UFT) modules was discussed in relation to FIG. 
31 A, to which the reader is referred for to further details. 

In step 7814, the UFU module 3222 receives the Q-control signal 3213 and 
the second baseband signal 3220. UFU module 3220 up-converts and spreads the 
second baseband signal 3220 in a unified manner using the UFT module 3224. More 
specifically, the UFT module 3224 samples the second baseband signal 3220 
according to the Q-control signal 32 1 3, to generate an Q-harmonically rich 3334. The 
Q-harmonically rich signal 3334 includes multiple harmonics that are spread spectrum 
signals and repeat at the harmonics of the sampling frequency fj,. Each harmonic 
contains the necessary amplitude, frequency, and phase information to reconstruct the 
second baseband signal 3220. Furthermore, the Q harmonically rich signal 3334 is 90 
degrees out-of-phase with I harmonically rich signal 3332, because of the phase shift 
between the I and Q control signals. In step 7816, the power combiner 3218 



-134- 



combines the I harmonically rich signal 3332 and the Q harmonically rich signal 3234, 
to generate a IQ harmonically rich signal 3226. 

In step 7818, the filter 3228 selects the desired harmonic of interest from the 
IQ harmonically rich signal 3226, resulting in IQ spread output signal 3230. The IQ 
spread output signal 3230 is a spread spectrum signal at a desired harmonic of the 
sampling frequency f 0 . Furthermore, the IQ spread output signal 3230 includes the 
necessary amplitude, frequency, and phase information to reconstruct the first 
baseband signal 3212 and the second baseband signal 3220. 

FIG. 79 illustrates a UUSIQ module 7900 according to embodiments of the 
invention. The UUSIQ module 7900 is similar to UDDIQ module 3200, with the 
exception that the I and Q channels have separate spreading code generators 3202a 
and 3202b. As such, the I spreading code 3203a and the Q spreading code 3203b can 
be different from each other, and therefore the isolation between the I and Q channels 
can be improved when compared to a system that utilizes a single spreading code 
system. As discussed above, the I spreading code 3203 a and the Q spreading code 
3203b can be any type spreading code including but not limited to: a PN code, a 
Walsh code, and a Gold code. Additionally, the 90 degree phase shift between the I 
and Q channels is achieved using a 90 degree delay 7902 to phase shift Q oscillating 
signal 3205b by 90 degrees relative to the oscillating signal 3205a. Additionally, the 
UFT modules 3216 and 3224 are embodied as controlled switches 7904 and 7906, 
respecively, based on the discussions above. 

FIG. 80 illustrates a UUSIQ module 8000 according to embodiments of the 
invention. The UUSIQ module 8000 is similar to the UUSIQ module 7900, with the 
exception the 90 degree delay 7902 is removed. Additionally, the in-phase combiner 
3218 is replaced with the quadrature combiner 8002, which provides the necessary 
90 degree phase shift between the I and Q harmonically rich signals, as will be 
understood by those skilled in the relevant arts. 
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8.6.1 Integrated Up-Con version and Spreading Using an 
Amplitude Shaper 

FIG. 6 1 A illustrates an IQ spread spectrum modulator 6 1 00 that incorporated 
the UFT-based modulators 3404 that were discussed in FIG. 34. Spread spectrum 
modulator 6 1 00 performs simultaneous up-conversion and spreading of an I baseband 
signal 6102 and a Q baseband signal 6118 to generate an IQ output signal 6116, 
where the spreading and up-conversion is done in an integrated manner. As will be 
shown, the spreading is accomplished by placing the spreading code on the control 
signals that operate the UFT modules. In order to control sidelobe spectral growth 
in the output signal 6116, the amplitude of the I baseband signal 6102 and the Q 
baseband signal 6 1 1 8 are shaped in order to correspond with the spreading code. The 
operation of the modulator 6 1 00 is described in detail with reference to the flowchart 
7100 that is shown in FIGs. 71 A and 71B. 

In step 7101, the IQ modulator 6100 receives the I data signal 6102 and the 
Qdata signal 61 18. 

In step 7 1 02, the oscillator 3446 generates the clock signal 3445 . As described 
earlier, the clock signal 3445 is preferably a sub-harmonic of the output signal 6116. 
Furthermore, in embodiments of the invention, the clock signal 3445 is preferably a 
periodic square wave or sinusoidal clock signal. 

In step 7104, an I spreading code generator 6140 generates an I spreading 
code 6144 for the I channel. Likewise, a Q spreading code generator 6138 generates 
a Q spreading code 6142 for the Q channel. In embodiments of the invention, the 
spreading codes are PN codes, or any other type of spreading code that is useful for 
generating spread spectrum signals. In embodiments of the invention, the I spreading 
code and the Q spreading code can be the same spreading code. Alternatively, the I 
and Q spreading codes can be different to improve isolation between the I and Q 
channels, as will be understood by those skilled in the arts. 
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In step 7106, the multiplier 61 18a modulates the clock signal 3445 with the 
I spreading code 6144 to generate a spread clock signal 6136. Likewise, the multiplier 
61 18b modulates the clock signal 3445 with the Q spreading code 6142 to generate 
a spread clock signal 6134. 

In step 7108, the control signal generator 3442a receives the I clock signal 
6136 and generates control signals 6130 and 6132 that operate the UFT modules in 
the modulator 3404a. The controls signals 6130 and 6132 are similar to clock signals 
3423 and 3427 that were discussed in FIG. 34. The difference being that signals 6130 
and 6132 are modulated with (and carry) the I spreading code 6144. Likewise, the 
control signal generator 3442b receives the Q clock signal 6134 and generates control 
signals 6126 and 6128 that operate the UFT modules in the modulator 3404b. 

In step 7110, the amplitude shaper 6103a receives the I data signal 6102 and 
the shapes the amplitude so that it corresponds with the spreading code 6144, 
resulting in I shaped data signal 6104. This is achieved by feeding the spreading code 
6144 back to the amplitude shaper 6103 a. The amplitude shaper 6103a then shapes 
the amplitude of the input baseband signal 6102 to correspond to the spreading code 
6144. More specifically, the amplitude of the input signal 6102 is shaped such that it 
is smooth and so that it has zero crossings that are in time synchronization with the 
I spreading code 6144. Likewise, the amplitude shaper 6103b receives the Q data 
signal 6118 and shapes amplitude of the Q data signal 61 18 so that it corresponds 
with the Q spreading code 6142, resulting in Q shaped data signal 6120. 

FIG. 6 IB illustrates the resulting shaped I signal 6104 and the corresponding 
spreading code 6144. The amplitude of the input signal 6102 is shaped such that it is 
smooth and so that it has zero crossings that are in time synchronization with the 
spreading code 6144. By smoothing input signal amplitude, high frequency 
components are removed from the input signal prior to sampling, which results lower 
sidelobe energy in the harmonic images produced during sampling. 
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In step 7112, the low pass filter 6105a filters the I shaped data signal 6104 to 
remove any unwanted high frequency components, resulting in an I filtered signal 
6106. Likewise, the low pass filter 6105b filters the Q shaped data signal 6120, 
resulting in a Q filtered signal 6122. 

In step 7114, the modulator 3404a samples the I filtered signal 6106 in a 
balanced and differential manner according to the control signals 6130 and 6132, to 
generate a harmonically rich signal 6108. As discussed in reference to FIG. 34, the 
control signals 61 30 and 6132 trigger the controlled switches in the modulator 3404a, 
resulting in multiple harmonic images in the harmonically rich signal 6 1 08, where each 
image contains the I baseband information. Since the control signals 6130 and 6132 
also carry the I spreading code 6144, the modulator 3404a up-converts and spreads 
the filtered signal 6 1 06 in an integrated manner during the sampling process. As such, 
the harmonic images in the harmonically rich signal 6 1 08 are spread spectrum signals. 

In step 7116, the modulator 3404b samples the Q filtered signal 6122 in a 
balanced and differential manner according to the control signals 6126 and 6128, to 
generate a harmonically rich signal 6124. The control signals 6126 and 6128 trigger 
the controlled switches in the modulator 3404b, resulting in multiple harmonic images 
in the harmonically rich signal 6124, where each image contains the Q baseband 
information. As with modulator 3404a, the control signals 6126 and 6128 carry the 
Q spreading code 6142 so that the modulator 3404b up-converts and spreads the 
filtered signal 6122 in an integrated manner during the sampling process. In other 
words, the harmonic images in the harmonically rich signal 6124 are also spread 
spectrum signals. 

In step 7118, a 90 signal combiner 6146 combines the I harmonically rich 
signal 6108 and the Q harmonically rich signal 6124, to generate the IQ harmonically 
rich signal 6148. The IQ harmonically rich signal 6148 contains multiple harmonic 
images, where each images contains the spread I data and the spread Q data. The 90 
degree combiner phase shifts the Q signal 6124 relative to the I signal 6108 so that 



-138- 



no increase in spectrum width is needed for the IQ signal 6148, when compared the 
I signal or the Q signal. 

In step 7120, the optional bandpass filter 3406 select the harmonic (or 
harmonics) of interest from the harmonically rich signal 6148, to generate a desired 
harmonic 6114. 

In step 7122, the optional amplifier 3408 amplifies the desired harmonic 6114 
for transmission, resulting in the output signal 6116. 

8.6.2 Integrated Up-conversion and Spreading Using a 
Smoothly Varying Clock Signal 

FIG. 62A illustrates a spread spectrum transmitter 6200 that is another 
embodiment of balanced UFT modules that perform up-conversion and spreading 
simultaneously. More specifically, the spread spectrum transmitter 6200 does 
simultaneous up-conversion and spreading of an I data signal 6202a and a Q data 
signal 6202b to generate an IQ output signal 6228. Similar to modulator 6100, 
transmitter 6200 modulates the clock signal that controls the UFT modules with the 
spreading codes to spread the input I and Q signals during up-conversion. However, 
the transmitter 6200 modulates the clock signal by smoothly varying the instantaneous 
frequency or phase of a voltage controlled oscillator (VCO) with the spreading code. 
The transmitter 6200 is described in detail as follows with reference to a flowchart 
7200 that is shown in FIGs. 72A and 72B. 

In step 7201, the transmitter 6200 receives the I baseband signal 6202a and 
the Q baseband signal 6202b. 

In step 7202, a code generator 6223 generates a spreading code 6222. In 
embodiments of the invention, the spreading code 6222 is a PN code or any other 
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type off useful code for spread spectrum systems. Additionally, in embodiments of the 
invention, there are separate spreading codes for the I and Q channels. 

In step 7204, a clock driver circuit 6221 generates a clock driver signal 6220 
that is phase modulated according to a spreading code 6222. FIG. 62B illustrates the 
clock driver signal 6220 as series of pulses, where the instantaneous frequency (or 
phase) of the pulses is determined by the spreading code 6222, as shown. In 
embodiments of the invention, the phase of the pulses in the clock driver 6220 is 
varied smoothly in correlation with the spreading code 6222. 

In step 7206, a voltage controlled oscillator 6218 generates a clock signal 
6219 that has a frequency that varies according to a clock driver signal 6220. As 
mentioned above, the phase of the pulses in the clock driver 6220 is varied smoothly 
in correlation with the spreading code 6222 in embodiments of the invention. Since 
the clock driver 6220 controls the oscillator 6218, the frequency of the clock signal 
6219 varies smoothly as a function of the PN code 6222. By smoothly varying the 
frequency of the clock signal 62 1 9, the sidelobe growth in the spread spectrum images 
is minimized during the sampling process. 

In step 7208, the pulse generator 3444 generates a control signal 6215 based 
on the clock signal 6219 that is similar to either one the controls signals 3423 or 3427 
(in FIGs. 3 5 A and 3 5B). The control signal 62 1 5 carries the spreading code 6222 via 
the clock signal 6219. In embodiments of the invention, the pulse width (TJ of the 
control signal 621 5 is established to optimize energy transfer to specific harmonics in 
the harmonically rich signal 6228 at the output. For the Q channel, a phase shifter 
6214 shifts the phase of the control signal 6215 by 90 degrees to implement the 
desired quadrature phase shift between the I and Q channels, resulting in a control 
signal 6213. 

In step 7210, a low pass filter (LPF) 6206a filters the I data signal 6202a to 
remove any unwanted high frequency components, resulting in an I signal 6207a. 
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Likewise, a LPF 6206b filters the Q data signal 6202b to remove any unwanted high 
frequency components, to generate the Q signal 6207b. 

In step 72 1 2, a UFT module 6208a samples the I data signal 6207a according 
to the control signal 6215 to generate a harmonically rich signal 6209a. The 
harmonically rich signal 6209a contains multiple spread spectrum harmonic images 
that repeat at harmonics of the sampling frequency. Similar to the transmitter 6100, 
the harmonic images in signal 6209a carry the I baseband information, and are spread 
spectrum due to the spreading code on the control signal 6215. 

In step 7214, a UFT module 6208b samples the Q data signal 6207b according 
to the control signal 6213 to generate harmonically rich signal 6209b. The 
harmonically rich signal 6209b contains multiple spread spectrum harmonic images 
that repeat at harmonics of the sampling frequency. The harmonic images in signal 
6209b carry the Q baseband information, and are spread spectrum due to the 
spreading code on the control signal 6213. 

In step 7216, a signal combiner 6210 combines the harmonically rich signal 
6209a with the harmonically rich signal 6209b to generate an IQ harmonically rich 
signal 6212. The harmonically rich signal 6212 carries multiple harmonic images, 
where each image carries the spread I data and the spread Q data. 

In step 7218, the optional bandpass filter 6224 selects a harmonic (or 
harmonics) of interest for transmission, to generate the IQ output signal 6228. 

9. 0 Conclusion 

Example implementations of the systems and components of the invention 
have been described herein. As noted elsewhere, these example implementations have 
been described for illustrative purposes only, and are not limiting. Other 
implementation embodiments are possible and covered by the invention, such as but 
not limited to software and software/hardware implementations of the systems and 
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components of the invention. Such implementation embodiments will be apparent to 
persons skilled in the relevant art(s) based on the teachings contained herein. 

While various application embodiments of the present invention have been 
described above, it should be understood that they have been presented by way of 
example only, and not limitation. Thus, the breadth and scope of the present 
invention should not be limited by any of the above-described exemplary 
embodiments. 



